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Title No. 46-1 








To meet a need for authoritative information on 
on the use of portland cement paints as evidenced 
by a continuing demand for the 1942 Committee 
report, Committee 616 extensively revised the 
Original report and presented a proposed recom- 
mended practice at the 1949 convention. It is 
now adopted as a standard without change. 


ACI Standard 


Recommended Practice 
for the Application of Portland Cement Paint 
to Concrete Surfaces (ACI 616-49)* 


Reported by ACI Committee 616 


G. E. BURNETT 


Chairmen 
F. O. ANDEREGG W. E. GROBEN 
T. E. CHISHOLM BERNARD MALM 
R. E. COPELAND G. S. PAXSON 


CLARA SENTEL 


SYNOPSIS 


This ACI standard establishes recommended practices for appropriate 
usage, age of concrete, preparation of surface, and the preparation, ap- 
plication and curing of portland cement paint. Three appendixes dis- 
cuss composition, manufacture and storage, and general characteristics 
and factors affecting durability. 
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*Adopted as a standard of the American Concrete Institute at its 45th annual convention, February 24, 
1949 as reported by Committee 616; ratified by letter ballot June 29, 1949. Title No. 46-1 is a part of 
copyrighted JouRNAL OF THE AMERICAN Concrete InstiruTe, V. 21, No. 1, Sept. 1949, Proceedings V. 46. 
Title No. 46-1 supersedes 45-18 published in January 1949. Separate prints in covers, are available ut 50 
cents each. Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1950, Ad- 
dress 7400 Second Boulevard, Detroit 2, Mich. 
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INTRODUCTION 


1. In recent years, there has been a widening utilization of paint 
on concrete, both as a decorative and a water repellent treatment. 
With it, there has developed an increased consciousness of cost, annual 
as well as initial. The consumer has observed that some paint jobs 
fail within 2 years and others last four or five times this long. He can- 
not afford to repaint every 2 or 3 years and wants to know what paint 
to use and how to get the most out of it. 

2. This report has been prepared as a guide toward the realization 
of economy in painting concrete with portland cement paint. The 
effective use of oil and synthetic resin paints represents an independent 
problem not included within the scope of this recommended practice. 

3. The term “portland cement paint” as used in this report, is under- 
stood to mean a water dilutable paint in which portland cement is the 
principal binder constituent. Paint that is manufactured and sold by a 
paint company and is ready for use except for the addition of and mix- 
ing with water is called ‘commercial paint’. Paint that is made up by 
the user from the basic constituents is called “‘job-mixed paint”. Except 
where specifically noted otherwise, all discussion and recommendations 
of this report apply to both commercial and job-mixed paints. 
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4. Under Recommended Procedure, there are listed the steps necessary 
to obtain an effective job. Appendixes 1, 2, and 3 discuss various con- 
siderations in the composition, manufacture, and durability of portland 
cement paint and will be valuable for a more complete understanding 
of what to use and how to use it. 

5. The committee wishes to acknowledge especially the valuable 
contributions of the National Bureau of Standards and the Portland 
Cement Association in furnishing a large share of the basic data from 
which this report was prepared. 


RECOMMENDED PROCEDURE 
Appropriate usage 

6. Portland cement paints are suitable for use on exterior and interior 
portland cement concrete and stucco surfaces except floors or other 
areas subject to mechanical abrasion. They are especially recommended 
where it is desired to decorate or reduce the water permeability of 
exterior walls built of porous, open textured concrete such as concrete 
block masonry. They also may be used advantageously where the 
concrete or stucco is damp at the time of painting or may become damp 
subsequently. 
7. Portland cement paints are not well suited for interior surfaces 
requiring frequent and thorough cleaning, because coatings of these 
paints are not easily washed and tend to erode with vigorous scrubbing. 
They are of questionable value for stopping leakage through porous 
walls exposed to appreciable water pressure, particularly if the paint 
is applied to the side away from the water pressure. Better results will 
be obtained if the side exposed to the water is painted. Two or three 
heavy coats are sometimes successfully employed on the inside surface 
of the basement walls of houses to stop slight leakage or dampness. 
Severe conditions usually require more positive waterproofing methods. 

8. The resistance of portland cement paints to aggressive solutions 
and fumes is not significantly different from that of a good quality 
concrete and because of their thinness they will provide only temporary 
protection when exposed to severe corrosive conditions. However, they 
are useful for protecting concrete of poor quality where the exposure 
is not too severe and it is feasible to repaint as often as may be required. 

9. Except where the atmosphere contains reactive fumes, portland 
cement paint should give satisfactory service under all climatic con- 
ditions within the range experienced in the United States. 
Age of concrete 

10. Best results will be obtained if painting is deferred until the 
portland cement stucco or concrete, including concrete masonry, has 
aged at least three weeks. The application of tinted paints to cast-in- 
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place concrete walls should be postponed longer, several months after the 
curing period if possible, so that the concrete will be drier and a less 
likely source of efflorescence. Other advantages of permitting cast-in- 
place concrete to age longer before applying either white or tinted 
paints are: (a) weather tends to overcome the effects of form oil; (b) 
the suction of the surface is more uniform; (c) the paint film crazes 
less and also tends to cover any checking or crazing which may develop 
in the concrete surface itself prior to being painted. 

Cleaning of surface 

11. Surface cleaning prior to painting should consist of thoroughly 
removing all dirt, dust, form oil and efflorescence. Dirt and dust should 
be washed off with clean water. Hosing is usually adequate, but scrub 
brushes should be used if necessary. Soaps or other organic cleaners 
should be avoided, because unless completely removed they may prevent 
proper adhesion of the paint. To remove efflorescence first wet the 
concrete, then apply a 20 percent solution of hydrochloric (muriatic) 
acid and after about 5 minutes scour off the efflorescence with stiff 
bristle brushes. If necessary, a stronger solution may be used. It is 
best to work on small areas, not more than a few square feet at a time. 
The surface must be thoroughly washed with clean water after the 
acid treatment. It is practicable to remove traces of form oil with 
steel brushes, abrasive stones or lye solutions. However, if the surface 
is generally coated with oil, it will be more effective and economical to 
sandblast lightly the entire area to bé painted or, if time permits, to 
postpone painting until the oil has been removed by weathering. 

12. Some concrete surfaces are so dense (glazed) that adhesion of 
the paint is affected adversely. Concrete that is cast against plywood, 
Presd-wood or steel forms frequently presents such a problem. Before 
painting, such surfaces should be acid washed, lightly sandblasted, 
or dry rubbed with coarse grit abrasive stones, until the glaze is removed 
and positive “tooth” and suction for the paint are provided. 

i3. Old coatings of the organic type must be completely removed 
before applying portland cement paint. Usually this can be done most 
effectively and economically by sandblasting. 

Wetting of surface 

14. Before applying the paint the concrete must be thoroughly 
wetted to control surface suction and to provide a reserve of moisture 
to aid in the proper curing (hardening) of the paint. A garden hose 
adjusted to give a fine spray is well suited for this purpose. <A superficial 
dampening with a brush dipped into a bucket of water does not supply 
sufficient moisture to be effective. 

15. For concrete masonry walls or other concrete that readily absorbs 
moisture, it is usually sufficient to wet the surface in one operation not 
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more than one hour before painting. The spray should be applied in 
such manner that each part is sprayed three or four times for about 5 
to 10 seconds each, depending upon the absorptivity of the surface, 
time being allowed between applications for the moisture to soak into 
the concrete; the unabsorbed water serves no useful purpose. If the 
surface tends to dry rapidly, as it may in hot weather, it should be 
redampened slightly just in advance of painting; it should be moist 
but not dripping wet or with a noticeable water film when the paint is 
applied. 

16. Dense concrete absorbs moisture so slowly that it should be 
wetted in at least two operations not less than 30 minutes apart. It 
will be more effective to dampen rather large areas in advance of painting 
so that ample time is allowed for the moisture to soak into the concrete. 
When the paint is applied the concrete surface should be moist but 
without free water; some suction is essential and will not be provided 
if the concrete surface is dripping wet. 

Preparation of paint 

17. Portland cement paints are made ready for use by thoroughly 
mixing the paint powder and coarse filler, if used, with water in the 
proper proportions. 

18. The proper amount of water will vary some with different pro- 
ducts, largely depending upon the fineness of the dry materials. For 
commercial paints, the manufacturer’s instructions should be followed. 
For job-mixed paints, the proportion of water to powder must be de- 
termined by trial. The mixed paint should have the consistency of 
rich cream except that a slightly thinner consistency is recommended 
for the first coat applied to open textured types of concrete surfaces 
such as concrete masonry units. 

19. The proportions of water to dry material shown in Table 1 have 
been found to hold for a variety of paints and are suggested for trial 
in the absence of definite instructions: 


TABLE 1 
Water, quarts 
Paint, dry material, 10 lb For medium 
For standard thin consistency 
(rich cream) | (first coat on open 
consistency | textured concrete) 
Commercial paints (c onstituents mixed and 
ee ee, eee eee | 314 to 414 3% to 4% 
Paints, not reground, less than 1 percent 
retained ee ree 23% to344 =| 314 to 3% 
Paints, not reground, containing coarse filler; 
more than 25 percent retained on No. 100 
sieve..... 





ip ET ema Enea | 2to 214 21% to3 
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20. Mixing procedures vary, but in general it is good practice first 
to reduce the dry material to a stiff paste with about half the estimated 
amount of water, after which additional water should be gradually 
stirred into the paste until the desired consistency is obtained. Pre- 
liminary reduction to a stiff paste is necessary in order to break down 
agglomerates of powder. When the proper proportions have been 
determined, it is advisable to make all batches the same except when a 
change in surface texture or other conditions requires a different 
consistency. 

21. The paint should be vigorously stirred for several minutes until 
color and consistency are uniform and all particles are thoroughly 
wetted. Workability will be improved by allowing the mixture to 
soak or prehydrate for 30 to 45 minutes prior to application. 

22. The paint should be prepared in batches of appropriate size 
such that it will be used up within a few hours. Most paints will remain 
in usable condition for about 4 hours after being prepared; however, in 
hot weather, some paints, especially those containing calcium chloride, 
should be used sooner. Keeping the mixed batch in a tightly covered 
container from which the painters’ buckets are filled helps to prolong the 
usable condition. 

23. While being used the paint tends to stiffen slowly due to chemical 
and physical reactions and evaporation of the water. Thinning the 
mixture with additional water to reduce consistency is perhaps not 
best practice, but if done with moderation, it is not considered particularly 
objectionable for white paints. Retempering of tinted paints should be 
avoided because of the tendency to alter the color. Vigorous stirring 
from time to time during the usable period will help to maintain proper 
fluidity. 

Application of paint 

24. No painting should be done on frozen concrete or when the paint 
may be exposed to temperatures below 40 F within 48 hours after appli- 
cation. Some paint manufacturers prefer a minimum temperature of 
50 F. 

25. When weather conditions are such as to cause the paint to dry 
rapidly, it is advisable to work “in the shade” in so far as practicable. 
This makes it easier to keep the surface uniformly moist for proper 
suction and helps prevent too rapid drying of the paint. 

26. To prevent segregation and maintain a uniform mixture, the 
paint should be stirred frequently in the bucket. 

27. The paint should be applied in two coats of the same color. 
Preferably not less than 24 hours should be allowed between coats; in 
no case should the second coat be started until the first coat has become 
sufficiently hard to resist marking by the brush being used. In hot, 


ey 
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dry weather, the first coat should be slightly moistened before applying 
the second coat. “Doubling back” or the application of a double thick 
coat is not conducive to good results and should not be permitted. 
Three-coat work may be employed if desired but the extra coat is seldom 
worth the additional cost. 

28. Portland cement paints cannot be satisfactorily applied with the 
ordinary hair bristle paint brush. Proper application to coarse textured 
concrete requires a brush with relatively short, stiff fiber bristles such 
as fender brushes (commercially sold for cleaning the underside of 
automobile fenders) or ordinary scrub brushes. This is true even for 
certain commercial portland cement paints that exhibit smooth working 
qualities on the order of oil vehicle paints. If the concrete is of smooth 
or sandy finish, whitewash or Dutch type calcimine brushes are suitable. 
The paint should be brushed on in uniform thickness and free from 
“ridging”’ or excessively heavy brush marks. Laps should be well 
brushed out. 

29. When painting concrete masonry, or other porous concrete for 
the dual purposes of “moisture-proofing’ and decoration, both coats 
should be vigorously scrubbed on in such manner as to work the paint 
back into the voids and provide a continuous paint film free from pin- 
holes or other openings through which water might penetrate. 

30. Tests of the rain resistance of painted concrete masonry walls* 
indicate that paints applied with spray equipment provide less protection 
than scrubbed-on coatings. Spray application therefore is recommended 
only on dense concrete or interior surfaces or where the paint is not 
required for waterproofing purposes. 

31. While excessively thick films are to be guarded against, there is 
a tendency in practice to use too much water in the paint and to brush 
it out too thin. Such coatings may look well at first but generally 
lose their opacity and protective value much earlier than thicker films. 
The proper average film thickness and coverage rate is difficult to 
estimate for portland cement paints because of the effect of differences 
in the texture of the concrete to be covered. However, for smooth 
concrete surfaces, a two-coat film should average about 0.015 in. thick; 
this will be obtained with a coverage rate of about 100 sq ft per gal. 
of mixed paint for the two coats. If the concrete is rough textured or 
if the paint contains coarse filler (No. 50 to 100 mesh), a film thickness 
of 0.025 to 0.035 in. and a coverage rate of from 45 to 55 sq ft per gal. 
should be sought. Two coats on very rough textured block may require 
as much as 1 gal. per 35 sq ft of surface. It is questionable economy 
to stretch the paint much further than indicated by these figures. Thinner 





*Copeland, R. E. and Carlson ,C. C.;‘‘Tests of the Resistance to Rain Penetration of Walls Built of 
Masonry and Concrete”, ACI Journau, Nov. 1939, Proc., V. 36, p. 169. 
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films could be used, however, when repainting, provided the new and 
old paints are of the same color and the old paint is in fair mechanical 
condition. 


Curing 

32. Proper hardening of paint films of this type depends upon the 
availability of moisture for chemical reaction with the portland cement. 
The moisture in the concrete, in the paint itself, and in the air is utilized 
for this purpose but, except in very humid atmospheres, this is not 
enough. On most jobs it is practicable to sprinkle the painted surfaces 
two or three times a day with the same fog spray as used for dampening 
the concrete. It is recommended that this be done between coats and 
for at least 2 days following the final coat. The curing should be started 
just as soon as the paint has hardened sufficiently not to be damaged by 
the spray, usually about 12 hours after application. Damp curing in 
this or some equally effective manner must be provided in order to 
obtain the best results with portland cement paints. It will improve 
the hardness and durability of the paint in every case and in some 
instances will mean the difference between a satisfactory and a poor 
paint job. 


APPENDIX 1—DISCUSSION OF COMPOSITION 


1. Excluding the effect of procedure, the strength, hardness and density of the 
paint film are controlled primarily by the portland cement content and secondarily 
by the inherent durability of the other constituents and their effect on the hardening 
of the cement-water mixture. In addition, composition influences the appearance or 
decorative quality of the paint and its application properties. 

2. Because of the importance of composition as a factor of paint performance, 
certain fundamental concepts concerning the functions and value of the various con- 
stituents commonly used in portland cement paints are included in this discussion. 
Available test data and service records suggest desirable percentage limits for most 
of the constituents, and these also have been included. 

Commercial compositions 
3. Based on extensive chemical analyses, commercial portland cement paints range 


in composition about as shown in Table 2 


TABLE 2 
Percent by wt. 
Ingredient Typical 
Min. Max. white paint 
Wnmte portland coment... ..... 2... cc ices cccsss 20 91 61 
I Gare oy Sa aalanie Grbin eocie iw ses wie" o is 0 60) 30 
Inert fillers (fine silica, limestone, ete.) . es 40 5 
Hygroscopic salts (calcium or sodium chloride) .. 0 7 3 
Water repellents (stearates) ................... 0 1.5 0.3 (or less) 
Opaque pigments (zinc sulfide or titanium a 0 10 3 
Water and organic matter — ipally casein). . 0 14 2.5 (or less) 
Color pigments... . . ee 0 8 


*” 


es 
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4. One or two commercial paints contain coarse inert filler consisting of white silica 
sand (No. 100 to 50 mesh fraction). Such paints, by virtue of the coarser particles, 
produce relatively thick films having a characteristic ‘“‘sandy” texture. 


Requirements of Federal Specifications 

5. The Federal Specification for Paint; Cement-Water, Powder, White and Tints 
(For Interior and Exterior Use), Designation TT-P-21* provides for two types and 
two classes of portland cement paint with compositional limits as indicated in Table 3 
and the following paragraphs 6 and 7. 





TABLE 3 
Percent by wt. 
Type 1 Type 2 


Ingredient Class A Class A 


Max.| Min. | Max.; Min. 


Portland cement 


EO NTRS So ee ee Pe ee —- 65 — 80 
INN SS eg ong none es Ca pis igre wit 2 25 — 10 — 
Carbonates (calculated as carbon dioxide COz)...... 3 -- 3 —- 
Water repellents (calcium or aluminum stearate)... . 1 0.5 1 0.5 
Hygroscopic salts (calcium or sodium chloride).... . . 5 3 5 3 
Titanium dioxide (770-2) Zine sulfide (ZnS) or mixture 5 é 5 3 





6. Class B provides for 20 to 40 percent of white siliceous aggregate (No. 100 to 
No. 20 sieve), with the balance of the paint conforming to tlie requirements of Class A. 
Class B is designed for open-textured masonry. 

7. Other provisions and requirements of the specification pertinent to this discussion 
are: 

(a) The paint shall contain no organic binder. 

(b) Color pigments shall be limeproof and shall be incorporated by a milling 
operation. 

(c) The total free (unhydrated) calcium oxide (CaO) and magnesium oxide (gO) 
in the hydrated lime shall not exceed 8 percent by weight of the hydrated lime. 

(d) For dark shades (below 55 percent reflectance) the tinting material may 
replace the opaque white pigments, titanium dioxide and zine sulfide. 

8. It is to be noted that the typical commercial product conforms closely in com- 
position to the Type 1, Class A paint. The specification indicates no preference between 
Type 1 and Type 2 except to say that the latter should be used where there is excessive 
moisture as in water tanks and swimming pools. 


Portland cement 

9. Tests and experience indicate that the most durable coatings of this type are 
those in which portland cement comprises a high percentage of the minus No. 100 
mesh material. In the Portland Cement Association tests, straight white portland 
cement films showed negligible erosion and were in excellent condition after 5 years of 
weather exposure. Replacing 50 percent of the cement by weight with hydrated lime 
or fine inert filler adversely affected the hardness and weather resistance of the film. 
Coatings made without portland cement but with lime as the binder were softer and 
more rapidly eroded than those containing cement. These indications of the importance 


*Obtainable from the Superintendent of Documents, Washington 25, D. C., price 5 cents. 
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of the cement content with regard to paint durability are in accord with experience 
in the field and the consensus of competent opinion expressed to the committee. Based 
on these considerations it is recommended that where a paint service life of 5 years or 
more is desired, portland cement should comprise not less than 65 percent of that 
portion of the paint powder that passes the No. 100 sieve. For maximum durability 
or for coatings to be exposed to excessive moisture as in swimming pools, it appears 
that this value might well be increased to 85 or 90 percent. 


Hydrated lime 
10. The effect of hydrated lime as a constituent of cement paint may be summarized 
as follows: 

(a) The addition of 10 to 15 percent of lime by weight enhances slightly the white- 
ness and hiding power of the dry film but may reduce the opacity of the wet film. 
The effect is not great and depends on the quality and fineness of the lime and cement. 
A small amount of opaque white pigment is more effective than lime for this purpose. 

(b) Workability and particle suspension of the paint mix may be improved de- 
pending on the plasticity of the lime used. 

(c) In the opinion of some investigators, the use of a small amount of lime seems 
to increase the miscibility of some water repellents such as calcium stearate, thus 
shortening the time for proper mixing. 


(d) Experimental data on the effect of lime content on the crazing tendency of paint 
films are very inconclusive except to indicate that the effect is not significant one 
way or the other. 

(e) Depending somewhat on atmospheric conditions there is rather rapid and 
thorough carbonation of the lime contained in thin coatings and some fairly durable 
paints containing as much as 50 percent lime have been produced. However, with 
due consideration to such examples, it seems.evident from what is now known about 
paints of this type that the replacement of an appreciable percentage of the portland 
cement with lime tends to impair the weather resistance and service life of the paint. 
11. It thus appears that although lime is not an essential ingredient it probably 

may be safely used up to 25 percent of the portland cement content. While it cannot 
be said definitely that the 25 percent value should never be exceeded, the possible 
detrimental effects of higher lime content on the durability of exterior films seem to 
be more obvious than any benefits that might accrue. 


Fine fillers (extenders, plasticizers, etc.) 

12. The value of finely divided inert fillers such as pulverized silica, limestone, 
etc., is somewhat obscure. When used in appreciable percentages they have been 
observed to cause excessive chalking and, consequently, unsatisfactory durability and 
appearance with continued exposure. Being of about the same fineness as the portland 
cement they dilute and weaken the cement matrix. Even though such fillers may 
reduce shrinkage somewhat or enhance slightly such properties as brushability, it 
appears that their overall effect is more likely to be detrimental than beneficial. 

13. Small amounts of colloidal material such as plastic clay, etc. are sometimes 
added to improve the workability and suspension qualities of the paint mixture. Their 
effect on the durability of thin cement coatings is not very well known. Probabls 
they should be avoided or at least restricted to small amounts (2 or 3 percent) until 
more thoroughly tested as a paint ingredient. 

14. The use of organic compounds for better dispersion and workability is not 
recommended except where they have been thoroughly investigated and shown not 
to be detrimental to the paint film. 





& 
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Coarse fillers (aggregates) 

15. Favorable results have been obtained with relatively coarse fillers, usually a 
siliceous material of acceptable color and weathering qualities such as fine white silica 
sand. In general the softer sands such as those derived from limestone and marble 
have proved less satisfactory as paint aggregate. The sand should pass the No. 20. 
sieve with not less than 90 percent retained on the No. 100 sieve; the No. 100 to No. 
50 mesh fraction is perhaps the most satisfactory for this purpose. Because it is much 
coarser than the cement, such filler does not weaken the cement matrix as do the very 
fine fillers. The sand may be used in varying amounts but should not exceed the pro- 
portion of portland cement. Based on experiences on several jobs and on 2 to 4 year 
exposures of painted concrete masonry specimens included in a Portland Cement 
Association investigation, such filler appears to improve the surface hardness and 
durability of the paint. The sandy texture of the paint is considered attractive by 
many persons and it insures excellent adhesion between successive coats. 

16. Mixtures containing sand cannot be applied with a hair brush but readily go 
on either smooth or rough textured concrete if a stiff bristle brush is used. The use of 
aggregate introduces a minor inconvenience in requiring more frequent stirring of the 
mixture in the paint bucket in order to keep the sand in suspension. 

17. It is not recommended that aggregate be made a required constituent of portland 
cement paints, but its indicated value in paints that are to be applied to concrete 
masonry or other coarse textured concrete should not be overlooked. 


Hygroscopic salts 

18. Hygroscopic salts are added to portland cement paints as curing aids. Presum- 
ably they help keep the cement moist for several days with water drawn from the 
air, but their efficacy in this respect has not been definitely established for all conditions. 

19. Calcium chloride accelerates the rate of hardening and in amounts up to 4 or 
5 percent has no significant effect on ultimate strength. At this concentration, the 
salt apparently is not harmful as to the shrinkage, weather resistance, opacity, or 
other properties of the paint film. It is a possible source of efflorescence, but no evidence 
has been presented indicating that it is of a serious nature. Pending the development 
of additional data, its use in amounts not exceeding 5 percent is recommended. 

20. Sodium chloride (common salt) is another salt that is sometimes used. How- 
ever, it is not nearly as hygroscopic as calcium chloride and there is evidence that it 
tends to reduce ultimate strength. Calcium chloride is preferred also because of its 
definite accelerating action, which is desirable for reducing the curing period and the 
time during which the paint, in an unhardened state, might be damaged by rain or 
freezing weather. 


Water repellents 

21. Many of the commercial paints contain water repellents, usually either aluminum 
or calcium stearate powder ground with the base. Sometimes paste forms of stearate 
are stirred into the mixing water and added on the job. If powdered stearate is added 
on the job it must be very thoroughly mixed with the white portland cement and other 
dry ingredients prior to adding the mixing water; in such cases it is preferable and 
more convenient to use a waterproofed cement in which the stearate has been intimately 
mixed ‘by a grinding operation. 

22. The comparative merits and optimum amounts of the different water repellents 
as regards some properties of portland cement paint, particularly durability and shrink- 
age, are not well known. Some tests have been made on paints containing stearates 
incorporated both by grinding and by hand mixing and in addition there are some 
data on the effect of these substances on the strength and absorption of portland cement 
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mortars. These data indicate that the amount of pure stearate in the paint should 
range between 0.5 to 1.0 percent of the portland cement content if water repellency 
and low absorption are to be obtained without too great a reduction in strength. How- 
ever, some authorities contend that 0.3 to 0.4 percent of stearate is sufficient when it 
is ground with the paint and therefore is more homogeneously incorporated than is 
possible by hand mixing. Tests have shown that 2 percent of calcium stearate ground 
with the base seriously reduces the strength and hardness of the paint film but that 
1 percent can be safely used. It also has been tentatively indicated that 1 percent of 
calcium stearate appreciably reduced the amount of crazing, but 0.5 percent or less 
was ineffective in this respect. Water repellents tend to add somewhat to the work- 
ability of the paint and the opacity of the wet film. Their effect on weather resistance 
has not been specifically determined as yet but it should be favorable. Proper damp 
curing and pre-wetting of the receiving surface are especially important when applying 
paints which contain water repellents because once dried they are difficult to re-wet. 

23. It thus appears that small amounts of water repellents are not detrimental to 
the paint and offer certain advantages which may well justify their use. Not more 
than 1.0 percent by weight of the portland cement content is recommended. 


Opaque pigments 

24. White paint should contain a small amount of opaque white pigment,.such as 
titanium dioxide or zine sulfide, for the purpose of increasing the whiteness and hiding 
power of the film. Amounts of the commercially pure pigment of from 2 to 5 percent 
by weight of the portland cement content are sufficient and can safely be used. Due 
to their fineness it is possible that appreciably larger amounts might be detrimental as 
to ‘shrinkage, crazing, and strength. Opaque white pigments should also be used in 
light tints such as cream and ivory, but are unnecessary in the darker colored paints. 


Color pigments 

25. Color pigments should be commercially pure oxides, very finely ground and 
lime proof. Different commercial grades vary in quality and price. Only the best 
pigments, with high tinting strength, should be used in paint. The amount of pigment 
required to give the color value desired depends upon its tinting strength and dis- 
persion in the paint. For best results tinted paints should be produced in a grinding 
mill. 


Organic substances (casein) 

26. Casein or other organic binder is contained in some portland cement paints 
presumably to improve workability and the adhesion of the paint to nonporous surfaces. 
Even small amounts of such material may prevent the proper hardening of the cement 
and thus seriously impair the durability of the coating. Their use in portland cement 
paints, particularly those intended for use on exterior concrete or stucco surfaces, is 
therefore not recommended. 


Water 

27. <Any clear water from a domestic source is suitable. The amount of water re- 
quired to reduce the dry material to painting consistency is discussed in paragraphs 
17 to 20 inclusive of “Recommended Procedure.” 


e® 
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APPENDIX 2—MANUFACTURE AND STORAGE 


1. For best results, the , aint powder throughout all batches used on any one job must 
be uniform in composition and quality. The ingredients, therefore, must be accurately 
1 - , , y 

proportioned by weight, and thoroughly mixed together. 


Commercial paint 


2. In the manufacture of commercial paints, the mixture of finely divided ingredients 


generally is reground in a suitable ball mill or pebble mill. This results in better dis- 
persion of the ingredients and thus in a more uniform product than can be obtained 
with ordinary job mixing methods. The finer grinding also enhances the suspension 
and brushing qualities of the paint. 


3. Plant manufacture permits the milling in of tinting pigments with the base, which 
is essential for perfect uniformity of color. This is the basis for the recommendation 
that only commercial paints be used where colors other than white are desired. Pow- 
dered water repellents, aluminum or calcium stearate, also should preferably be milled 
in with the base. 


4. While satisfactory results have been and are being obtained with paints prepared 
on the job, the convenience and advantages of using a properly-formulated commercial 
paint are obvious. 


Job-mixed paint 


5. Where a white paint is proposed, economy may sometimes be realized through 
the use of job-mixed paint. 


6. Appendix 1 gives detailed data on ingredient proportions. It is recommended 
that these data be studied before determining the mix to be used. Following is a 
typical mix which will be found effective under normal conditions where the coating 
has the primary functions of decoration and water repellency: 


ee EN MOINS ob ucicc acute sce aendeekunCedanceiaanenme 75 percent 
Eels el cia ci cache kiero carbine sie hae males 17 percent 
Opaque pigment (zine sulfide or titanium dioxide).................. 3 percent 
SIRES ee ai gee) ey ae eee See re 4 percent 
Rs ie I INN orcs cn ceeds awnean anion ewes bor 1 percent 


7. Where sand is to be incorporated with the paint, it should be held to not more 
than 50 percent of the total. The sand should be dry mixed with the paint powder 
before the gaging water is added. 

8. The minimum mixing considered essential. to satisfactory results consists of 
thoroughly stirring the dry ingredients together in a suitable container, and then sifting 
this mixture through a No. 14 mesh fly screen. Batches of 100 lb or more may be 
mixed in a small stucco or mortar mixer. 


9. Paste water repellents and calcium or sodium chloride, if used, should be mixed 
with the gaging water. 


Storage 


10. Because of the hygroscopic properties, of portland cement, the paint powder 
must be protected from the atmosphere while in storage. Particular care must be 
observed to maintain containers airtight where hygroscopic salts have been included 
in the paint. 
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APPENDIX 3—CHARACTERISTICS AND FACTORS AFFECTING DURABILITY 


1. Portland cement paint was developed specifically for application to concrete 
and masonry surfaces. Since portland cement and water are the principal constituents, 
the resulting paint film may be considered in much the same light as any thin layer of 
hardened portland cement. 


Resistance to moisture and alkali 


2. One of the more important qualities of portland cement paint is its tolerance 
to alkaline conditions to which coatings on concrete are frequently subjected. Since 
the film and the substrate are basically the same, the alkali from the concrete that is 
harmful to most organic paint films has no damaging effect. 


3. Prolonged saturation, alternate wetting and drying, and freezing and thawing 
constitute conditions harmful to any paint film, but are withstood by coatings of the 
portland cement type probably as well as by other types. 


Appearance 


4. The typical film possesses good decorative qualities as to hiding power and color. 
When wetted, as by rain, it becomes slightly translucent or darker in shade and appears 
somewhat less satisfactory than when dry. However, on drying out, the film returns 
to its original color and opaqueness. ‘Tinted paint films also assume a deeper shade 
of color when wetted. 


5. Poor opacity and color value may be due to some deficiency in the paint compo- 
sition, to the use of too much water in the paint mix, to applying the paint too thin, 
or to the continued presence of excessive moisture behind the film. 


6. The appearance of tinted paints is marred if efflorescent salts are deposited 
on the film surface. Much of the efflorescence trouble is caused from painting concrete 
at too early an age while it is still emitting appreciable excess moisture. Especially 
with tinted paints, it is good practice to postpone painting as long as feasible. 
They should not be applied to concrete that is in direct contact with water containing 
sulfates or other salts which might permeate to the painted surface. Frequently it is 
feasible to build the structure so that extraneous water will be excluded from the areas 
to be painted. 


= 


7. All paints suffer in appearance from normal accumulation of dirt and soot 
stains. Opinions differ as to whether portland cement paints are especially susceptible 
to soiling and staining due to their greater porosity as compared to oil and resin bound 
films. This matier has been under observation for some time in paint studies being 
conducted by the Portland Cement Association. In approximately 500 specimens 
exposed from 18 months to 5 years to rather bad sooting conditions the organic paints, 
on the average, became soiled at about the same rate as the portland cement paints. 


Service life 

8. By service life is meant the time required for the paint to depreciate physically 
to a point at which it no longer provides adequate protection or coverage. According 
to this concept it is not determined by a reduction in decorative value, providing that 
the poor appearance does not result from physical deterioration and can be remedied 
by cleaning rather than by repainting. ° 

9. Based on information from several sources it appears that well-formulated port- 
land cement paints properly applied to exterior wall surfaces exposed to the weather 
may be expected to have a service life of about 8 years. Some paint jobs last consider- 
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ably longer, some not as long. The less durable jobs frequently are those on smooth, 
dense concrete surfaces where there is the tendency to brush out the paint too thin 
and to neglect the requirements for satisfactory adhesion. 


10. It is logical that paints on interior surfaces or other areas protected from the 
weather should last longer than when applied to exterior surfaces. Frequent cleaning 
however may markedly erode the film and shorten its life. 


Adhesion (peeling, blistering) 


11. Portland cement paint films generally adhere satisfactorily to the concrete and 
between coats and seldom fail by peeling or blistering. Where these defects do occur, 
they almost invariably are due to inadequate preparation of the surface. Portland 
cement paint will not adhere properly to surfaces that are glassy smooth or are soiled 
or coated with foreign matter. Such surfaces must be well cleaned and, if necessary, 
acid washed or sand blasted to open the pores and provide suction and “tooth” for 
the paint. A weak bond results if the concrete is not dampened prior to painting and 
the paint film is allowed to dry rapidly. It appears that adhesion is influenced more 
by differences in painting procedure than by composition although there is some evi- 
dence that flaking may be caused if the paint contains an excessive amount of unhydrated 
lime or water repellent. 


12. Since very few cases where portland cement paints have failed by blistering 
are on record, little has been learned as to its cause. The presence of excess or free 
water on the surface being painted and the use of too much water repellent in the paint 
have been suggested as possible causes, but these have not been definitely verified. 


Crazing 


13. The typical portland cement paint film is hard, strong and relatively brittle. 
This latter property together with drying shrinkage sometimes results in fine crazing 
or checking. Exterior films seem to be more susceptible to this trouble than films 
which are protected from the weather. 


14. Other characteristics of the film that influence crazing are tensile strength and 
extensibility, which in turn vary with the composition of the paint. However, the 
observed differences in crazing due to the ordinary variations in composition are not 
great. 


15. Normal crazing is not progressive, generally being completed within a few 
weeks after starting and in itself is not a serious defect. Observations by the Portland 
Cement Association on several hundred test specimens over a period of 4 years showed 
no significant change in the extent of crazing after the first year. 


16. Serious crazing, involving fractures extending through the paint film and more 
than 0.002 in. wide, usually is related to and induced by the development of crazing 
of the concrete surface subsequent to painting. Crazing over mortar joints also is 
usually traceable to fine shrinkage cracks in the mortar. 


Chalking 


17. Rapid chalking is a characteristic quality of soft, weak films and leads to pro- 
portionately rapid deterioration in the color, opacity and durability of the coating. 
Usually it is due either to a deficiency of portland cement in the paint or to the failure 
to provide adequate: curing, which is necessary to the proper hydration and hardening 
of the cement. Soft films also may be caused by ingredients such as casein or other 
organic compounds, which prevent normal reaction between the cement and water. 
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Pinholes 

18. <A few pinholes in the film are not objectionable unless the paint is depended 
upon to reduce effectively the permeability of the surface. They result when the 
paint is not worked into the surface voids or when entrapped air breaks through the 
fresh film where it bridges instead of fills the voids. Pinholes can be eliminated by 
vigorous brushing. Composition is a slight factor in causing this defect only insofar as 
it affects the workability and surface tension of the paint. Sprayed coatings usually 
contain more pinholes than brush applied films, especially when the receiving surface 
is coarse textured or contains many deep pits or voids. 





ea 


Disc. 46-1 


Discussion of a report by ACI Committee 616: 


Recommended Practice for the Application of 
Portland Cement Paint to Concrete Surfaces 
(ACI 616-49)* 


By WILLIAM M. SPURGEON and COMMITTEE 


By WILLIAM M. SPURGEON? 


ACI Committee 616 has produced a complete and useful standard which 
should do much to improve the quality of some of the portland cement paints 
now on the market. A few remarks may be added, based on thirty months of 
independent research in this laboratory, and the field experience of this 
company’s crews in applying cement-base coatings to masonry walls. 

In par. 7, p. 3, the statement is made that “. . . coatings of these paints 
are not easily washed and tend to erode with vigorous scrubbing.”’ In this 
connection it should be pointed out that when such coatings are loaded with 
lime or finely divided inert fillers, such as pulverized silica, their washability 
is greatly impaired. Properly formulated coatings, high in portland cement 
content and adequately cured, offer much more resistance to washing as well 
as to erosion (pp. 9, 10). 

In the same paragraph mention is made of the use of two or three heavy 
coats for dampproofing masonry walls. This could well be emphasized for 
the benefit of consumer's, who generally do not realize that high coverage is 
incompatible with effectiveness as a dampproofing agent. The laws of capillary 
flow and of pressure flow, and field experience, show that the dampproofing 
effectiveness of such a coating is directly proportional to its thickness. There- 
fore, manufacturers of such coatings may claim ez(her high coverage or damp- 
proofing qualities, but they should not claim both. In no ease should they 
claim waterproofing effectiveness (7.e., against hydrostatic pressure) for brush- 
applied coatings. 

Par. 21, p. 6, contains the statement, “Workability will be improved 
by allowing the mixture to soak or prehydrate for 30 to 45 minutes prior 

*ACI Journ AL, Sept. 1949, Proc. V. 46, p. 1. Dise. 46-1 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Institute, V. 22, No. 4, Dec. 1950, Part 2, Proceedings V. 46. 

tResearch Director, American Fluresit Co., Inc., Cincinnati, Ohio. 
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to application.”” This characteristic is not convenient for an applicator’s 
crews, and it is not necessary. Presumably it is reeommended because calcium 
and aluminum stearates are not rapidly wetted by the mixing water. With 
modern formulation, however, water repellent coatings can be made without 
the use of these substances. Another possible reason for this soaking or 
prehydration would be the use in commercial paints of thickening agents 
such as starch or clays. These require a considerable period of exposure to 
water in order to swell and eventually become sufficiently dispersed. How- 
general, deleterious to cement and should not be included 
in cement paints. In short, we do not consider that a 30-45 minute soaking 


ever, they are, i 


period is necessary if the paint is formulated for maximum durability. 

In par. 27, p. 6, it is stated that “The paint should be applied in two coats 
of the same color.” This is desirable, of course. If a consumer is interested 
in economy, however, he can get it by using gray for the first coat, as this 
color often can be purchased at a lower price than white or other colors. 

In par. 28, p. 7, the brushability of portland cement paints is discussed. 
This is a subject on which further research is needed. There seems to be 
2 dearth of information on the flow properties of portland cement suspen- 
sions in Water at various concentrations and ages, with or without other 
substances present. The accumulation of such information would be useful 
for other applications of portland cement. 

In par. 29, p. 7, the desirability is expressed of applying the coating in 
such a way as to “provide a continuous paint film free from pinholes or other 
openings through which water might penetrate.’ These openings include 
not only pinholes due to the method of application but also capiilary passages 
inherent in the coating itself, resulting from its composition. Tests made 
in this laboratory of 22 commercial cement-base coatings mixed in accord- 
ance with the manufacturers’ printed directions show 24-hour water absorp- 
tion values (at age 6 days) ranging from 2 percent to 60 percent. These 
values are a measure of the porosities of the coating materials, the high ab- 
sorption values indicating that the materials in question offer little or no 
resistance to penetration of water. 

In par. 15, p. 11, attention is called to the desirable features of coatings 
made with coarse siliceous fillers. We have also found that for some coating 
materials the water absorption values can be considerably reduced by addi- 
tion of sand. One disadvantage of sand-textured coatings should be borne 
in mind: their greatly increased rate of dirt collection. 

The use of an accelerator such as calcium chloride, as mentioned in par. 19, 
p. 11, is certainly desirable. However, experience of applicators’ crews 
indicates that the maximum value recommended, 5 percent, is too high, 
especially in warm weather. Calcium chloride has its greatest effect on rate 
of hardening of cement during the earliest stages of hydration, 7.c., while 
the cement paint is still in the mixing bucket. The result of using too much 
calcium chloride is that the brushable period of the paint is seriously reduced 
and inexperienced crews are tempted to retemper the paint. When retem- 
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pering is necessary, incidentally, it is best accomplished simply by washing 
out the brush in clean water from time to time. The brush retains enough 
water to thin the paint sufficiently. 

The increasing use of masonry and concrete construction makes it highly 
desirable for architects, engineers and builders to have readily available 
such accurate, complete and concise information as has been supplied by 
this standard. 

COMMITTEE’S CLOSURE 


The user of portland cement paint will do well to consider Spurgeon’s 
remarks, especially those concerned with application of the paint as a damp- 
proofing treatment. 

The need for prehydration no doubt depends to a large extent on formula- 
tion, as Spurgeon suggests. The manufacturer of the paint is in the best 
position to judge and his recommendations should normally be followed. 

The committee is appreciative of this discussion, which constitutes a worth- 
while amplification of the text of the report. 
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An ultrasonic method of investigating concrete de- 
terioration and depths of surface cracks offers large 
possibilities in the testing of concrete structures. 


An Ultrasonic Method of Studying Deteriora- 
tion and Cracking in Concrete Structures* 


By J. R. LESLIEt and W. J. CHEESMANt 
SYNOPSIS 


A new method and apparatus for field and laboratory testing of con- 
crete is described. The apparatus called the “Soniscope” was originally 
designed to detect internal cracks in concrete. It develops pulses of 
ultrasonic sound in the material and measures the velocity of their trans- 
mission through it. This pulse velocity has the unique advantage of 
being independent of the size or shape of the body under test. Measure- 
ments can be made with equal facility in mass concrete, slabs or labora- 
tory specimens. 

The existence and extent of internal cracks and the depth of visible 
surface cracks can be determined by the use of this apparatus. 

The velocity has been found, by experiment, to be a reliable measure 
of the condition of the concrete and is particularly useful in deteriora- 
tion studies. The dynamic modulus can be calculated from this velocity, 
and values so obtained are found to agree closely with the results of 
tests using established methods. 


INTRODUCTION 


The engineers of the Hydro-Electric Power Commission of Ontario, 
in their study of the behavior of concrete structures in service, have been 
faced repeatedly with the question of the seriousness and extent of the 
cracking that is found in most concrete structures. Some exploration of 
the interior of structures has been made by core drilling; the depth of 
visible surface cracks can be determined, if not too deep, by means of 
the device described by Young.§' These methods have been used suc- 
cessfully in surveying dams, but both are laborious and costly and 
simpler way was sought. 

*Received by the Institute, July 1, 1949. Title No. 46-2 is a part of copyrighted JouRNAL OF THE 
AMERICAN Concrete Institute, V. 21, No. 1, Sept. 1949, Proceedings V. 46. Separate prints are available 
at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1950. 
Address 7400 Second Boulevard, Detroit 2, Mich. 

+Research Engineer, Research Division, Hydro-Electric Power Commission of Ontario, Toronto, Ontario, 
Canada. 

tMember American Concrete Institute, Asst. Research Engineer, Research Division, Hydro-Electric 


Power Commission of Ontario, Toronto, Ontario, Canada. 
§See references p. 33. 
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The use of high frequency sound, or ultrasonics, was considered as 
offering a solution to this problem for two reasons. The transmission of 
high frequency sound waves in a solid body was known to be possible, 
using apparatus which was developed, for the most part, during the 
recent war. Also, it was known that when such waves are transmitted 
across a void in a solid body their amplitude is reduced greatly. Any 
abrupt change in density of the transmission path results in most of the 
sound waves being reflected, only a very small portion crossing the void. 
Therefore, during 1946 and 1947, equipment was developed which would 
generate the required ultrasonic vibrations and measure their amplitude 
after transmission through concrete.* 

Since the vibrations in the concrete spread in all directions and are 
reflected at the boundaries, it was necessary to use pulses of sound so 
that the transmission of each pulse could be studied without interference 
from the vibrations of previous pulses. 

Because the sound pulse was able to travel around voids of finite size, 
although with a much decreased amplitude, it was necessary to measure 
the time of travel in addition to the amplitude. Variations in either of 
these quantities were found to indicate a change in the path traveled 
by the pulse, and thus show the presence of a void in the body. 

The depth of surface cracks was found by taking advantage of this 
bending of the sound path around a crack. Once the velocity in the 
concrete has been measured, the increased travel time required by the 
pulse in going around a crack can be used to calculate the path length, 
hence the depth of the crack. 

The ultrasonic apparatus, which has been named the ‘‘Soniscope,”’ 
has now been developed to the point where transmission through a 50-ft 
section of concrete is possible, and the velocity can be measured to an 
accuracy of three percent. The transmission across an air-filled crack 
0.001 in. or greater in thickness has been found to be negligible; the 
transmission across a water-filled crack measured only 4 percent of 
that through a solid section of concrete. 

Extensive tests have been made on four dams of the Hydro-Electric 
Power Commission, all of recent construction (1942-1948). These 
monolithic structures are characterized by lifts of 30 ft or more. With 
two exceptions the measurements did not reveal any internal cracks 
parallel to the axis of the dam, but did disclose a few deep surface cracks. 
Many surface cracks were examined and readings of their depth are being 
taken at periodic intervals. 

The velocity of propagation of the sound pulse was found to differ in 
different specimens of concrete, there being a close correlation between 
pulse velocity and the modulus of elasticity of the concrete. Laboratory 


*Originally described at the Research Session of the 1947 ACI Convention. 
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and field tests during the past two years have, without exception, con- 
firmed this relationship. A sound theoretical basis exists for this cor- 
relation, the square of the velocity being closely proportional to the 
modulus of elasticity of the material (Appendix A). Simple formulas 
are now in use whereby the modulus can be obtained from this velocity. 

The pulse method has the advantage that it does not depend on the 
size or shape of the specimens and can be applied equally well to mass 
concrete, pavement or laboratory specimens. The importance of this is 
evident when one considers that it permits the determination of the 
elastic properties of the concrete in field structures of whatever size or 
shape without the necessity of preparing samples therefrom. In con- 
trast, the well-known sonic (flexural resonance) method for determining 
the elastic modulus has the disadvantage that the quantities recorded 
are dependent on the dimensions of the specimen used, which limits 
its use largely to prepared test specimens either laboratory made or cut 
from field structures. These handicaps have been partially overcome 
by the techniques developed by Long, Kurtz and Sandenaw? but their 
method also suffers from several limitations. 

A method of obtaining an approximate value for Poisson’s ratio 
in field structures has also been found and with this information the 
shear or torsion modulus is then known. 

The Soniscope apparatus described herein is thus useful for obtaining 
three kinds of data about a concrete structure subject to the present 
limitation of a thickness of 50 ft: (1) the presence or freedom of in- 
ternal cracks can be detected in a block of mass concrete; (2) the depth 
of surface cracks can be determined; and (3) the dynamic modulus of 
the concrete in any part of a structure can be measured in situ, regardless 
of the shape of the structure. 


SONISCOPE APPARATUS 


The equipment consists of a pulse generator containing a block of 
Rochelle salt crystals (Fig. 1) which is applied to one surface of the 
concrete and produces bursts of sound lasting a few hundred micro- 
seconds, at a frequency of about 20,000 cycles per sec, and a pulse re- 
ceiver (Fig. 2) of special design which picks up the transmitted vibra- 
tions. Electronic circuits generate the pulses repetitively, about 100 
times a second, and both transmitted and received pulses are displayed 
on a time base on the screen of a cathode ray tube, the whole assembly 
being mounted in a convenient carrying case (Fig. 3). The time of 
travel through the concrete is measured by means of a calibrated time 
scale on the oscilloscope screen. The rate of travel through good con- 
crete is about 15,000 fps, 
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Fig. 1—Soniscope trans- 
mitter—(left) in housing, 
showing rubber diaphragm, 
(right) housing removed, 
showing block of Rochelle 
salt crystals 


g. 2—Soniscope receiver 
Fig. in housing, (right) 
housing removed showing 
crystals and preamplifier 


Fig. 3-—Soniscope control 
unit 





The pulse generator and receiver (Fig. 1 and 2) are connected to the 
control chassis by long cables. They are provided with convex rubber 
diaphragms which are pressed against the surface of the concrete after 
the latter has been wetted with oil or water. 

In the case of a dam in service the transmitter is lowered down the 
upstream face of the dam (Fig. 4a) and the receiver is held against the 
downstream face (Fig. 4b). 
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Fig. 5a is a photograph of the oscilloscope screen showing the trans- 
mission through 52.7 ft of concrete, the outgoing pulse being at the 
left side of the upper trace and the received pulse at the right. ‘Time of 
travel is proportional to the distance between the two and is measured 
to a three percent accuracy by means of a 1000 microsecond time scale 
on the lower trace. Any portion of the scale may be expanded by elec- 
tronic means and examined in detail. In this manner, as shown in 
Fig. 5b, the arrival time of the received pulse was measured as 38.8 
cycles or 3880 microseconds after the transmission instant, giving a 
velocity of 13,700 fps. A later model has a graduated dial which is 
salibrated directly in microseconds. 


In the apparatus now in use the accuracy of velocity measurement is 
limited by the rounding off of the front of the received pulse (Fig. 5b) 
due to the attenuation of the high frequency components in the trans- 
mitted pulse. An oil path in the generator and the receiver, which is of 
variable length depending on the pressure the operator applies when 
holding the units on the concrete, also introduces an error in the time 
measurement. 


A technical description of the apparatus is given in Appendix B. 





Fig. 4a (left)—Soniscope transmitter in rack on upstream face of a dam 


Fig. 4b (right)—Soniscope receiver against downstream face of a dam 
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Fig. 5—Soniscope transmission 
through 52.7 ft of concrete: 
(a) (a) Normal sweep 
(b) Expanded view of re- 
ceived pulse 
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CRACKS IN CONCRETE DAMS 


Practical methods have been developed for the application of the 
Soniscope to the study of internal and surface cracks. It has been 
found that the time of transmission of the ultrasonic pulse is the fun- 
damental measurement. In practice the amplitude of the transmitted 
pulses is only a secondary source of information. The reason is that 
the surface condition of concrete varies so greatly that the amount of 
sound energy transferred between the transducers and the concrete 
cannot be kept constant from point to point along a structure. The 
transmission times are, however, independent of this variation, and 
depend only on the path length through the concrete and the modulus 
of elasticity of the concrete. 

In the procedure used, the pulse generator is lowered into the forebay 
(Fig. 4a) with the receiver held against the downstream surface of the 
dam (Fig. 4b) at the same elevation as the transmitter. Pulse velocities 
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Fig. 6—Method of study- f: 


ing surface cracks 











——— ee TRANSMISSION PATHS 


are then obtained through the known transmission path. In this manner 
the whole interior of a dam can be scanned. 

If a crack or void blocks the direct path between the units, the pulse 
travels around the crack by diffraction, traversing a longer path in so 
doing, and suffering a considerable loss in amplitude. This increased 
travel time is then used together with the average velocity in the adja- 
cent material to calculate the total path length. Thus the approxi- 
mate extent of the crack may be found. For voids small compared to 
the total path length, the increased time required for travel around it 
may be very small. In such cases the reduction in amplitude by a factor 
of ten or more has been found to be sufficient to detect the void. Thus, 
an inspection tunnel 7 ft in cross section in a 60-ft section of a dam 
casts a considerable shadow at the receiver. 

Variations of velocity and amplitude may, of course, be interpreted 
as showing the presence of a zone of low-strength concrete rather than 
indicating a crack. The history of the structure is therefore of great 
assistance in the interpretation of the velocity readings. In the case of 
gravity dams recently constructed under rigid concrete control condi- 
tions, it is a safe assumption that there will be no abrupt variations in 
modulus within one section. In such a case abnormally low velocities 
indicate a thermal crack. 


Surface cracks 

The depth of surface cracks may be obtained by placing transmitter 
and receiver on opposite sides of the crack. The pulse must travel down 
into the concrete and under the crack in order to reach the receiver. The 
time of travel again is used to calculate the path length. Knowing the 
distance between the units, the approximate depth can be obtained. 
This procedure has been checked in the laboratory in the case of arti- 
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ficially-produced cracks, and in the field by means of the drilling and dye 
method', with good agreement. The pulse method takes only a few 
minutes time. The accuracy in the case of deep cracks is undoubtedly 
low, nevertheless, the results are believed to be a fair indication of the 
seriousness of the crack. 

The field procedure used in the case of a surface crack is illustrated 
with reference to Fig. 6. With the transmitter at X or Y and receiver 
at various positions marked A, B, C, the travel times are measured in 
each case. 
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Fig. 7—Correlation between dynamic and pulse modulus for 300 laboratory beams 
16 x 314 x 4in. 


Transmission from X to A or Y to A gives the average velocity in the 
concrete. Travel times between X or Y and B or C are then used to 
calculate the crack depth. 

Some 27 major surface cracks were examined in a dam under con- 
struction in 1948 and the average depth was less than 2 ft. Many other 
finer cracks were investigated, but found to be less than 3 in. deep. The 
deepest cracks were in the more recently placed sections. Cracks in 
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sections over 100 days old were, on the average, only about 5 in. deep, 
whereas those in the newer sections had an average depth of approxi- 
mately 2 ft. Periodic measurements of many of these cracks have been 
started to determine their behavior on a long-time basis. Measurements 
on a 6 year old structure show that most surface cracks have closed up 
to a negligible depth. 

Further details regarding our experience in locating internal and 
surface cracks will be published when more field data is obtained. At- 
tempts are now being made to increase the range of the equipment 
beyond the present 50-ft limit. 


MEASUREMENT OF DETERIORATION 


The velocity of compressional waves of sound bears a simple relation- 
ship to the modulus of elasticity of the material. The theoretical rela- 
tions in an infinitely large mass are of the form 

y= E (1—K) 
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NO. OF CYCLES OF FREEZING AND 
THAWING 


Fig. 8—Change in velocity in a specimen undergoing freezing and thawing 
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Fig. 9—Study of deterioration in one slab of an Ambursen dam 


where V is the compressional pulse velocity, EZ is the modulus of elas- 
ticity, d is the density and K is Poisson’s ratio for the material. 

In the transmission of sound pulses, the wave front of the pulse has 
been shown to travel with this velocity, irrespective of the size or shape 
of the body. Thus, for concretes of average density, assuming a value for 
K, simple graphs can be drawn relating the pulse velocity V to EF. 
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Extensive laboratory tests were made during 1947 aifd 1948 with the 
object of confirming this relationship. Using a series of standard 4x 3% 
x 16-in. specimens, the value of dynamic modulus calculated from the 
pulse velocity (using the simple formula above) was compared with the 
value obtained from the sonic test method (A.S.T.M. Designation C 215- 
47T). <A high degree of correlation between the two methods was 
obtained (Fig. 7). 


Further, it was found that for studies of durability a graph of pulse 
velocity against cycles of freezing and thawing gave all the information 
required (Fig. 8). 


Proceeding on this basis, the Soniscope is now being used for the 
examination of concrete structures. The quantitative readings obtained 
‘an be compared with similar observations made at later times. 


One of the most interesting dams tested to date with the Soniscope 
is an Ambursen type dam constructed in 1914. All portions of this 
dam have been subject to progressive deterioration, and repairs to 
several sections have been necessary.* The velocity readings were 
found to vary from 16,000 fps, which represents a very high modulus 
of elasticity, to as low as 1000 fps. A correlation of Soniscope results 
with those obtained by visual inspection five years previously is shown 
in Fig. 9 for one section. The shaded areas represent the results of the 
earlier inspection. 


Application of the Soniscope to the study of concrete slabs has been 
made on pavements in cooperation with the Ontario Department of 
Highways. The pulse velocity was measured either from the edge of 
the slab to various points on the upper surface, or between two surface 
points. Path lengths of 3 to 10 ft were used, and where possible, measure- 
ments were made over increasing lengths of the same portion of concrete 
and the average velocity found. 


The results of the tests made are summarized in Table 1. The pave- 
ments tested were of two groups: 

1. Test No. 1—A recently completed dual highway in which the concrete was 2 
years old. This was air-entraining concrete, made with 6 bags of cement per cu yd of 
concrete. 

2. Tests 2 to 13—Older pavements varying from 16 to 24 years in age, and in condi- 
tions ranging from very bad to good. These were made of non-air-entraining concretes 
with cement contents of 7 or more bags per cu yd of concrete. Many of these pave- 
ments were constructed using aggregates high in chert content, resulting in very bad 
deterioration. 


From the tabulated results, it is seen that low velocity is coincident 
with disintegration. In many cases of surface scaling, the underlying 
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TABLE 1—PULSE VELOCITY TESTS ON CONCRETE PAVEMENTS 


‘ | . ‘ ae 
Test | Compressional pulse| Age, General condition 
No. | velocity, fps years |——— —|$——_—_—_——_—_— - 
| Rating Details 
1 | 15,800 to 16,000 2 Excellent | Air-entraining concrete; 6 bags 


cement per cu yd of concrete; 
compressive strength of stand- 
ard test cylinders: 
7-day—2100 psi 
14-day—3000 psi 
28-day—3600 psi 


2 16,000 18 | Good Some transverse cracking; very 
little scaling 
3 16,200 23 Good Some transverse cracking; very 
few popouts; sound aggregate 
4 15,900 21 | Good Some transverse cracking; non- 
| progressive scaling 
5 | 16,000 20 Fair Slight map cracking; some dis- 
| integration and scaling at joints 
6 | 16,200 18 Fair Some transverse cracking 
7 15,400 24 Fair to Some disintegration at trans- 
| good verse cracks; a few popouts 
8 | 13,300 to 14,100 16 Poor to Bad popouts; considerable chert 
fair in aggregate 
9 | 8500 to 15,300 20 Poor to Breaks due to chert aggregate 
fair and subgrade failure; no pop- 
| outs 
10 8000 to 14,000 19 | Poor to Disintegrating; aggregate high 
| fair in chert, rotten gneiss, argillace- 
ous limestone 
11 | 9000 to 12,000 18 Poor Disintegrating; aggregate high 
in chert and soft stone 
12 7000 to 13,000 18 Bad Many popouts; aggregate very 
high in chert content 
13 | 6300 to 15,100 19 Very bad | Almost complete disintegration 


in places; cracking in all direc- 
tions and progressive scaling; 
aggregate very high in chert 


concrete was found to be of high strength. This scaling, which is mainly 
adjacent to transverse cracks and construction joints, is considered to 
be due to the chemicals which have been used for ice removal in the past 
few winters. 


DYNAMIC MODULUS OF ELASTICITY 

Poisson's ratio 

The accurate calculation of the modulus from Eq. (1) requires a 
knowledge of Poisson’s ratio (K). Therefore, during the laboratory 
comparison between the pulse and sonic methods the values of flexural 
and torsional moduli were used to obtain a value for Poisson’s ratio 
(Eq. (2) ). A surprising correlation between K and the density, d, 
was found (Fig. 10). In most calculations of HZ now made, the K value 
from Fig. 10 is used, and found to yield good results in practice. 
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Fig. 11—Transmission of compressional, transverse and Rayleigh waves in concrete 
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K has also been determined in field structures. Use is made of the 
fact that transverse (shear) and Rayleigh waves are generated by the 
Soniscope generator simultaneously with the pure compressional pulse. 
The Rayleigh waves are sometimes called surface waves. The three 
types travel with different velocities and become separated in time as 
the path length increases. This is explained in Appendix A and is 
illustrated in Fig. 11 which shows the three types of waves (marked 
C,T,R) arriving successively at the receiver. In the example shown, the 
compressional and transverse waves have traveled. through 30 ft of 
concrete and the Rayleigh wave has traveled on the surface, around 
the block of concrete, a distance of 50 ft. The ratio of any two of these 
velocities can be shown to depend only on Poisson’s ratio. This rela- 
tionship (Fig. 12) has been used to obtain a value for K in the field. The 
results were found to agree with the results of the laboratory measure- 
ments. 

A value for A to be used in Eq. (1) can be taken, therefore, from Fig. 
10. It should be noted that the numerical values used differ from values 
published previously. 


Calculation of modulus 


An example of the method of obtaining a value for the dynamic 
modulus is shown below. The measurements were made on a large 
gravity dam. 


Ve = compressional pulse velocity = 14,370 fps 
Vr = transverse pulse velocity = 8530 fps 
Vr = Rayleigh pulse velocity = 8010 fps 


-——— 


Ve/V. = 0.557 

Vr/V. = 0.593 

d = 150 lb per cu ft (assumed) 

From Fig. 12, K = 0.212. 

Using Eq. (1) EZ = 5.9 X 10° psi. 
An alternative method is to use a graphical relation between V., Vr/V. 
and E. (Fig. 13) 

From Fig. 13, E = 6.0 X 10° psi. 
Had a value for Poisson’s ratio been taken from Fig. 10, the results 
would be 

K = 0.24 

E = 5.66 X 10° 


The modulus of shear or torsion may be found from the relation 


G = .- rE aN a mg at ti Nt cent (2) 
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FUTURE WORK 


Attempts are being made to increase the accuracy of time measure- 
ment. For laboratory and small scale work, this can be achieved by a 
decrease in size and an increase in the resonant frequency of the units. 
The steepness of the transmitted wave front is increased thereby, at the 
expense of a decrease in range. 

For large dams, an increase in transmitted power is desirable. A 60 
crystal generator is being designed for this purpose. It will be 12 in. 
in diameter and will have directional properties. 

Laboratory tests are now being carried out to determine the influence 
of water content and temperature on pulse velocity. The effect of re- 
inforcing will be studied. Experience to date has, however, indicated 
that valid modulus readings can be made on concrete in close proximity 
to reinforcing. 

The correlation with visual ratings of concrete in common use, and 
with compressive strength must be studied. 

Application of the method to the testing of wood poles has been tried, 
and other materials, e.g., rock, may be so examined. 
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Fig. 12—Theoretical relationship between velocities and Poisson's ratio 
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Fig. 13—Theoretical relationship between compressional velocity, surface velocity and 
the modulus of elasticity 


CONCLUSIONS 


A method and an apparatus have been described which are believed 
to be suitable for the detection of cracks in large concrete structures and 
for the determination of their approximate extent in the interior of the 
section. The Soniscope is also believed to be suitable for the determi- 
nation of the dynamic modulus of elasticity in large field structures of 
concrete and in laboratory specimens. Satisfactory correlation has 
been obtained in laboratory tests between the so-called pulse modulus 
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and the normal dynamic modulus. Within the limits of accuracy of 
the apparatus, the pulse modulus has been found to be independent of 
the size or shape of the specimen under test. The method shows prom- 
ise of being of great value in the study of the field performance of con- 
crete and should prove to be an invaluable tool for long-time studies. 
With this apparatus the periodic measurement of the dynamic modulus 
of concrete in large dam sections, roads, etc., now appears possible 
for the first time. The modulus of odd-sized fragments of concrete 
can be obtained. The dynamic value for Poisson’s ratio has been found 
to differ from the static value normally used. 
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APPENDIX A 

Theory 

Poisson, in 1828, showed that two types of waves could be propagated in an unlimited 
solid body, one a longitudinal or compressional disturbance, the other a transverse or 
shear disturbance. Their wave velocities and their relationship to the elastic constants 
of a material are: 

| (1a) 
aa? ee eee eee OO nt ew ee g 

for the compressional wave, and 
E 1 G 
d 21+K) d 
for the transverse (shear) wave, 
where £ is Young’s modulus 


V27= 


G is the shear modulus 
d is the density 
K is Poisson’s ratio 

The boundary of an elastic disturbance will advance with either of the velocities, 
Eq.(1a) or Eq.(2a), and both types of waves may be present in the solid. It should be 
noted that these velocities were calculated for an infinitely large body. 

It was then shown by Lamb‘ that on the surface of a medium, a third type of wave, 
the Rayleigh wave, may exist. Rayleigh waves resemble water waves, their amplitude 
decreasing with depth. The individual particles travel in elliptical orbits, the axis of 
the ellipse changing with depth. They have been extensively studied in connection 
with earthquake waves on the surface of the earth. 


Their velocity is found from the equation 


ee es Soca eae vas AeA Aas Ska RNR eee kes Ee (3a) 
where A is found from 

A’—8A1+8(3—2Y")A?—16(1—Y?) =0..... Siete ere decks breans- woe 

in which Y = Vr/V¢e (ref. 6) 

From Eq. (1a) and (2a) we find the ratio 

Vr 1-2 K 

—- Fm —— Se i Sieiaa twa a Staves Gos st tory eh RATA ae eee . (5: 

Ve 2 (1—K) (6a) 
= . Vr ; Vr — a aie gin ; 
Thus the ratios — = Y and v7, depend only on Poisson’s ratio, K. These ratios 

c c 


have been plotted in Fig. 12. They are used to obtain a value for K. 

The apparatus described in the paper actually measures the group velocity of sound 
in the body. Group velocity means the rate with which the envelope of the wave train 
advances through the medium. It is not necessarily the same as the wave velocity 
(commonly called the “velocity’’) in the body. As an example, in a group of deep water 
waves, the wave front advances with only one half the speed of the invididual waves 
in the group. The profile continuously changes shape as it advances and any particular 
wave in the group may have disappeared after a short interval. 

It can be shown’ that whenever the wave velocity V in a material varies with fre- 
quency (7.e., wave length), then the group velocity, U, is not equal to V. A material in 
which V varies with frequency is said to be “dispersive.” 

The exact relation between U and V is 

_  ad(V/r) 


= 5 Sie ccneie ok wane awe 15 te Leta eeta ey 
d(1/d) 
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so that when dV/dA = 0, UU = V 

(A = wave length) 
Thus if the wave velocity, V, can be shown to be independent of frequency, then the 
group velocity, U, is equal to V. 

With the present apparatus, no change in group velocity has been observed over a 
frequency range in the pulse of 10 to 50 ke per sec. This supports the conclusion that 
the velocity is independent of frequency. Parshad* has reported briefly on a method of 
measuring ultrasonic wave velocities at much higher frequencies. The authors repeated 
these experiments using a 6 x 6 x 20 in. specimen. The results, although not con- 
clusive, tended to show that the wave velocities of the three types of waves, at fre- 
quencies between 140 and 230 ke per sec were in agreement with the values used in 
this report. Pulse velocities and wave velocities have been assumed from the above 
arguments to be equal. 

Several investigators have proposed, in the case of pulse measurements, that the 
formula relating E to V, for laboratory specimens and slabs should be different to that 
used for mass concrete. The authors believe that the same formula should be used 
for all sizes and shapes of specimen, provided the velocities are measured using the 
leading edge of the pulse. Lamb’ has shown that the leading edge of a disturbance on 
the surface of a solid body travels with the true group velocity, the same velocity as 
obtained in transmission through the body. MeMillen® has confirmed these con- 
clusions in an interesting experiment. The authors’ measurements through and along 
the surface of mass concrete blocks also show that the pulse velocity is independent of 
the path traveled, although the accuracy of measurement requires improvement. 
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APPENDIX B 
Soniscope 


The pulse transmitter (Fig. 1) is an assembly of piezo-electric Rochelle-salt crystals 
which undergo mechanical vibration at their resonant frequency when shock excited 
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by a suitable voltage applied to their electrodes. The crystals are mounted in a 
meta! housing whose transmitting face consists of a soft rubber membrane. The assem- 
bly is filled with castor oil under pressure so that the rubber diaphragm takes a convex 
shape. In this way the active face may be pressed against the concrete surface to 
provide good contact. 

The crystals are shock excited by the discharge of a condenser at 800 volts through a 
hydrogen thyrairon tube. A hermetic seal connects the crystals to a coaxial cable, 
and thence to the control unit. 

The receiver (Fig. 2) is similar to the transmitter with the addition of a miniature 
battery operated amplifier mounted integrally with the housing. 

The electronic circuits, shown in the block diagram, Fig. 14, provide the electrical 
pulses necessary for the excitation of the crystal transmitter as well as the various 
sweep and timing impulses. 

Both transmitted and received pulses are displayed as vertical deflections on a split- 
beam cathode ray tube. The horizontal deflection represents time. In the later 
models a linear delay circuit is used to measure the time interval between transmis- 
sion of the pulse and arrival of the received signal.'° A movable marker pulse on the 
second trace of the oscilloscope is aligned opposite the wave front of th received pulse 
by means of a ten-turn helical potentiometer. Time intervals can be measured directly 
from the potentiometer dial to an accuracy in the latest model of one part in 1000. Any 
portion of the received pulse may be examined in detail by means of a sweep expansion 
circuit. 











Disc. 46-2 


Discussion of a paper by J. R. Leslie and W. J. Cheesman: 


An Ultrasonic Method of Studying Deterioration 
and Cracking in Concrete Structures*® 


By HAROLD H. WEST and AUTHORS 


By HAROLD H. WESTt 


The authors are to be congratulated upon their contribution to the theory 
and technique of this potentially important method of testing. Inasmuch 
as some of the concepts introduced in their article are quite new, a discussion 
of these and other factors may be worthwhile, and could assist in resolving 
some of the problems connected with this method and suggesting avenues 
of research for its further development. 

The fact that velocity measurements are similarly affected either by single, 
open cracks or by areas of low strength and general deterioration in the vi- 
bration path makes this method useful for two different types of tests, 7.e., 
crack location and measurement of general quality or deterioration. However, 
for a given effect upon the velocity measurement, the degree of deterioration 
indicated by these two conditions may differ considerably, and for deterioration 
measurements, at least, it is desirable to know whether the results indicate 
open cracks or extensive low-strength areas. As the authors pointed out, 
both types of deterioration may not be present in some structures, and in 
others the conditions responsible may be evident from visual inspection. 
Nevertheless, this problem may arise in connection with many structures 
upon which this type of testing would be most valuable, and some practical, 
convenient method for correlating velocity measurements with type of de- 
terioration would greatly increase the usefulness of the method. In this 
connection, some investigation of the relative effects of open cracks and low- 
strength areas upon vibration velocity and amplitude measurements is prob- 
ably desirable. Perhaps an expression involving amplitude, velocity or 
frequency, or some combination of these quantities, could be developed 
which would be useful for differentiating between these two types of deteriora- 
tion. 

j “*ACI JOURNAL, Sept. 1949, Proc. V. 46, p. 17. Disc. 46-2 is a part of copyrighted JourRNAL oF THE AMERICAN 
Concrete Institute, V. 22, No. 4, Dec. 1950, Part 2, Proceedings V. 46. 
tMaterials Engineer, U. 8S. Bureau of Reclamation, Denver, Colo. 
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Data are presented by the authors showing the correlation between the 
modulus of elasticity computed from velocity measurements and the value 
obtained by the transverse-flexural (sonic) method. These data appear to 
verify the accuracy of the formula from which the velocity modulus was 
calculated. However, if the formula relating the velocity to modulus of 
elasticity in an infinite medium is actually correct for comparatively long, 
thin laboratory bars, some further explanation of this subject is required. 
There seems to be reasonable doubt as to whether the work of Lamb and 
MeMillen can be used to justify the authors’ choice of formulas; in the case 
of Mc Millen’s experiment the test was performed with the bar immersed in a 
liquid medium which would give lateral restraint to the vibrations and tend 
to raise the velocity above that calculated by the long-bar formula. Also, 
in this reference the steepness of the impact wave front is not indicated, 
which for a specimen of fixed transverse dimensions may affect the choice of 
formulas. Perhaps it would be possible for the authors to provide evidence 
either for or against the contention that the group velocity exceeds the phase 
velocity in long, thin bars by comparing the wave lengths of the first and 
succeeding cycles. 


The authors have shown that the velocity measurement provides an in- 
dication of the deterioration of the concrete tested, but it has not been satis- 
factorily demonstrated that the formulas relating velocity to modulus of 
elasticity are valid regardless of type or degree of deterioration. Conse- 
quently, it would be desirable to know whether the specimens tested and 
reported in Fig. 7 represented varying degrees of deterioration, and whether 
transverse-ff-xural (sonic) tests were made in conjunction with velocity tests 
on the freezing and thawing specimen in Fig. 8. 





Values of Poisson’s ratio used by the authors vary from 0.24 to 0.31, which 
is high compared with the value of 0.166, normally used for the transverse- 
flexural (sonic) method. Seemingly, the same value of Poisson’s ratio should 
be used for both velocity and flexural methods, and this difference should, 
therefore, be resolved, or if separate determinations are required on individual 
specimens, this fact should be established. 


In using the velocity method for locating cracks, it should be pointed out 
that at frequencies below those used by the authors, a greater proportion of 
the vibrations can be transmitted across water-filled gaps. At frequencies 
of about 1000 cycles it: may be impossible to detect the presence of a narrow, 
water-filled crack in the vibration path and this must be given consideration 
in designing an instrument to perform its desired function. 


Despite the limitations outlined by the authors and in preceding para- 
graphs, it is felt that the velocity method of dynamic testing can be a useful 
one for the investigation of concrete in place, and that with the acquisition 
of more knowledge and experience in this field, present limitations on use and 
interpretation of the test can be removed or greatly extended. 
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AUTHORS’ CLOSURE 


West has examined the paper in great detail and has recoznized the 
difficulties which have faced the authors in their investigations. Many of 
the questions which he brings up have not been answered with finality at 
the present time. 

It is true that in theory the operator has an option in interpreting a low 
velocity reading obtained in a particular investigation. He may attribute 
the reading to the presence of either an open crack or a zone of low strength 
material. In the structures examined to date, the authors have not experi- 
enced difficulty in this regard. The type of cracking which has been the 
principal subject of these investigations (thermal shrinkage cracks) is that 
which appears in mass concrete shortly after construction, so that the cracks 
are surrounded by sound, high velocity material. Deterioration is revealed 
as low velocities over an area, irrespective of the transmission paths used. In 
practice it is found that the vibration amplitude depends to a marked degree 
on the surface at the points of application of the transducers, hence it can be 
used only as a secondary indication of the quality of the concrete. 

West questions the author’s choice of formula in applying the instru- 
ment to long, thin specimens. The criterion used to date is that reflections 
from the boundaries do not arrive at the receiver in time to interfere with the 
directly transmitted wave front. The steepness of the wave front is, there- 
fore, the critical quantity. Laboratory specimens 16 x 314 x 4 in. can be 
measured satisfactorily with a pulse rise time of about seven microseconds, 
corresponding to a natural frequency in the transmitter of 35,000 cycles per 
second. The cycles following the first received half-cycle are distorted by the 
interference of those waves which are affected by the boundaries. Experi- 
mentally we have not found the arrival time of the initial disturbance to be 
affected by the distance to a boundary. 


Regarding the accuracy of the formula in the case of badly deteriorated 
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concrete, the results quoted in Fig. 7 include lightweight concrete broken 
down by laboratory freezing and thawing. The comparison between the 
“pulse modulus,” Hp, and the usual dynamic modulus, Ep, determined by 
the sonic (flexural) method, for one of these lightweight specimens, during 
deterioration, is shown in Fig. A. (This is the same specimen as shown in 
Fig. 8.) 

The values of Poisson’s ratio quoted in Fig. 10 were obtained from sonic 
me 
on 


tests using the formula K = — 1. Three lightweight and one standard 


aT 
concrete were in the series, which used 16 x 34 x 4 in. specimens, soaked in 
water at room temperature for 24 hours before testing. It should be noted 
that these values of K agree with those obtained in mass concrete from the 
ratios Vre/Ve and V7/Ve. 

It is agreed that the choice of frequency determines the thickness of flaw 
which can be detected. Our choice is a compromise between the highest 
possible frequency, to detect cracks, and the lowest possible, to get adequate 
transmission range in concrete. 

The authors believe that a wide field of application for pulse techniques 
exists in materials testing and research. Exploratory tests have been made on 
materials such as soils, rocks, wood and asphalts. 


Title No. 46-3 








Carpenter's glue sustained air bubbles 
during initial set of plastic foam concrete. 


Manufacture of Reinforced Foam Concrete 


Roof Slabs” 
By |. T. KOUDRIASHOFFT 


SYNOPSIS 

The Russian type of lightweight concrete described used a rosin-glue 
emulsion to preserve the air voids before the initial set of the cement. 
Shrinkage was decreased and strength increased through high pressure 
steam curing. The autoclave treated foam concrete used in the produc- 
tion of precast industrial roof slabs had a unit weight of 47 lb per cu ft 
and a compressive strength of over 500 psi. The lightweight slabs, 
used in a load carrying capacity and as insulation, reduced construction 
time by 50 percent and costs by as much as 20 percent. Test data on 
roof slabs and production procedures are also described. 


INTRODUCTION 


Foam concrete has been used in the USSR as insulating material for 
walls and roofs since 1930. The first concrete of this type was made with 
cement, water and a rosin-glue emulsion consisting of glue and rosin- 
soap. The cement required amounted to 350-380 kg per cu m (6.3 to 
6.8 sacks per cu yd) and the dry emulsion substances 160-200 g per cu m 
(0.27 to 0.34 Ib per cu yd). The unit weight varied from 400 to 450 kg 
per cu m (25 to 28 lb per cu ft), compressive strength from 4 to 6 kg per 
sq cm (57 to 85 psi) as measured in 7 cm (about 234 in.) cubes. The co- 
efficient of thermal conductivity varied from 0.07 to 0.09 cal per sq m 
per m per hr per deg C (0.56 to 0.72 BTU per sq ft per hr per deg F per 
in.). The foam concrete was placed over a supporting surface either as a 
monolithic slab or as smaller slabs, obtained by sawing 1.0 x 0.5 x 0.25 m 
(40 x 20 x 10 in. approx.) precast blocks to the desired size and shape. 

The production and use of foam concrete in this manner was found to 
be uneconomical because of the large quantity of cement required. Also 
~ *Original manuscript received by the Institute Mar., 1939. Title No. 46-3 is a part of copyrighted 
cata ooo quetihieas in aautncoch, Winmuies Gopi ts Gheitetied deed vend dn kuthese ast ber 
than Jan, 1, 1950. Address 7400 Second Boulevard, Detroit 2, Mich. 


+Candidate of Technical Sciences, Scientific Collaborator of Concrete Laboratory of the Central Institute 
for Industrial Building Research, Moscow, USSR. 
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the material developed high shrinkage stresses producing cracks; had a 
low compressive strength; and was easily broken during handling. 

Consequently, in 1936 the Central Institute for Industrial Building 
Research, Moscow, in collaboration with the designing board ‘‘Prom- 
stroiproject”’ studied the problem of using reinforced foam concrete as 
supporting slabs as well as an insulating material for industrial building 
roofs. : 

According to specifications, industrial building roofs shall consist of 
reinforced foam concrete slabs from 10 to 12 em (4 to 4.8 in.) thick, 
placed on metal girders. Over the slabs a leveling layer of cement 
mortar from 14 to 1 em (0.2 to 0.4 in.) thick shall be placed, followed 
by a mat of roofing felt saturated with bitumen. The weight of foam 
concrete shall be between 600 and 700 kg per cu m (38 and 44 |b per cu 
ft) and its compressive strength shall be not less than 20 kg per sq em 
(285 psi). 

As a result of the research carried out in the Concrete Laboratory of 
the Central Institute for Industrial Building Research during the period 
between 1936 and 1938, an autoclave treated reinforced foam concrete 
for load carrying members was developed, with improved physical and 
engineering properties: cement requirements varied from 195 to 300 
kg per cu m (3.5 to 5.4 sacks per cu yd); unit weight of concrete from 
550 to 850 kg per cu m (34.4 to 53.0 lb per cu ft); compressive strength 
of 10 em (3.94 in.) cubes from 20 to 52 kg per sq em (284 to 740 psi) and 
thermal conductivity from 0.08 to 0.24 cal per sq m per hr per deg C 
per m (0.65 to 1.94 BTU per sq ft per hr per deg F per in.). 


PREPARATION AND MIXING 

The production of a cellular, fine porous, foam-concrete mass is essen- 
tially a mechanical mixing operation of the cement mortar with foam. 
The foam must be firm and stable so that it resists the pressure of the 
mortar until the cement takes its initial set and a strong skeleton of 
concrete is built up around the voids filled with air. 

The development of reinforced foam concrete was based upon two 
new factors: (1) the addition of ground sand to cement, which reduced 
the required amount of cement by 14 to 14, and (2) high pressure steam 
treatment of foam concrete in autoclaves, greatly increasing the strength 
of the concrete and reducing the effects of shrinkage. 

Foam 

Rosin soap, made by mixing sodium hydrate and rosin in a 1:6 ratio 
is one of the most effective foam generators. To increase the strength 
and stability of the walls of foam bubbles, the rosin soap was mixed 
with carpenter’s glue, using a rosin-glue ratio of 1:1144. Foam generators 
using soap root, alginate, naphtha soap and lupine albumen are also 
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known, but the rosin-glue emulsion using cheap, commercial materials 
was more widely used in the production of industrial roof slabs. 

The rosin-glue emulsion was made by preparing the carpenter’s glue 
solution, boiling the rosin soap and then mixing the glue solution with 
the rosin soap. 

Glue solution was prepared by soaking the glue in water for 1 to 14% 
hours at 40-50 C (104-122 F) until a homogeneous liquid mass was ob- 
tained. 

Rosin soap was prepared as follows: the required quantity of sodium 
hydrate was diluted with water to a density of 20 degrees (according to 
Baumé) as checked by an areometer. Then the alkali solution was 
brought to the boiling point and the rosin, previously broken into small 
pieces not larger than 5 mm (0.2 in.), was gradually poured into the 
boiling solution which was continuously stirred during pouring. The 
mixture was boiled for 114-2 hours until the rosin was completely dis- 
solved and the rosin soap had a homogeneous color without lumps and 
grains. 

After cooling the rosin soap to 60 C (140 F), the glue solution, heated 
to 40 C (104 F), was poured in in smali portions, and continuously stirred. 
The resulting emulsion was stored in a closed wooden container. 

Cement mortar 

The sand used for the cement mortar was a quartz sand, either ground 
or unground (rock flour or dust-like quartz), 95 percent of which passed 
the 900 mesh per sq em (US No. 70) sieve and 60 percent the 4900 mesh 
per sq cm (US No. 170) sieve. 

A local siliceous sand called marshalite (rock flour) was also investi- 
gated and found to be satisfactory as an aggregate. The marshalite and a 
fine sand found in large deposits nearby were used unground after being 
passed through a 64 mesh per sq em (US No. 20) sieve. To aid in the 
prevention of settling, the maximum size of ground sand was 0.6 mm 
(0.024 in.). 

The cement-sand ratio could vary from 1:1 to 1:3 depending upon the 
quality of the cement, the fineness and the chemical composition of the 
sand and the desired strength and unit weight of the concrete. 

Mixing 

Special machines used in mixing the foam concrete consisted of three 
drums: (1) an emulsor for whipping the rosin-glue emulsion into foam, 
(2) a mortar mixer for preparing the cement paste and (3) an agitator 
to mix the foam with the paste to produce the foam concrete. 

MANUFACTURE OF UNITS 
Plant ; 

The plant set up for the fabrication of roof slabs was divided into the 

following sections: 
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Storage—Three bins were provided for cement, sand and,marshalite, a 
steam dryer for drying the sand and marshalite, and 2 sieves with 64 
mesh per sq em (US No. 20) for grading materials. 

Fabrication—The equipment included a table for cleaning and pre- 
paring forms and placing the reinforcement, a roller conveyor for moving 
the forms after placement of reinforcing steel to a three drum mixer 
with a 250 liter (8.8 cu ft) capacity, scales for proportioning materials, 
and small gage rail cars to transport the poured slabs to the curing 
department. 

Curing—The area used for curing the slabs before steam treatment was 
equipped with railway tracks for storing the cars loaded with slabs. 

Steam treatment—Three autoclaves 7 to 8 m (23 to 26 ft) long 
and 1.8 m (5.9 ft) in diameter and a control room equipped with a 
steam distributor for regulating the supply of steam from the boiler 
room to the autoclaves and the dryer constituted the steam treating 
department. 


Fabrication of slabs 
In developing the work of the new plant, the foam concrete mixture 
was proportioned as follows: cement, marshalite, sand and water in 
‘ratios varying from 1:1:1:1 to 1:1:2:1.2. The cement content varied 
from 155 to 300 kg per cu m (2.8 to 5.4 sacks per cu yd) of foam concrete. 
Several types of metal forms were tested under working conditions and 
forms made of roofing iron were adopted because of their lightweight, 





Fig. 1—Affter placing the reinforcement, the forms were filled with foam concrete. 
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Fig. 2—The filled forms were placed on small gage rail cars and then leveled 
with wooden floats. 


ease of removal and low cost. Forms were lubricated with oleic acid in 
two parts of kerosene. 

Reinforcement consisted of smooth iron bars 6 mm (4 in.) in diameter, 
10-12 em (4 to 5 in.) on centers, top and bottom of the slab, with trans- 
verse rectangular loops of 3 mm (}% in.) bars spaced 15 cm (6 in.) on 
centers, tying the top and bottom bars into one solid frame. The weight 
of reinforcement was 56 kg per cu m (94 Ib per cu yd). Protective con- 
crete on the bottom reinforcement was 2 cm (0.8 in.) thick and on the 
top reinforcement 1 cm (0.4 in.) thick. At the supports, the reinforce- 
ment extended almost to the ends of the slab to provide reinforcement 
at points of bearing. 

Operating procedure—Metal forms were cleaned, lubricated and tied 
at the corners by means of an asbestos packed clamp. The reinforcing 
framework was placed in the form which was moved on the roller con- 
veyor under the hopper of the foam mixer (Fig. 1). The foam concrete 
was placed in the form which was then carried by two men to a car 
(Fig. 2) standing on railway tracks near the mixer. The top surface of 
the slab was then leveled with a wooden float. Cars were loaded with 26 
slabs, which was all the head room of the autoclave would allow. To 
increase the stability of the loaded car and to allow free passage of steam 
between forms, layers were separated with 3 or 4 flat iron hooks 40 mm 
(1.6 in.) wide and 15 mm (0.6 in.) thick (Fig. 3). 

After a car was loaded, it was moved to the curing area before steam 
treatment. Slabs had to be cured for at least 12 hours before being 
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Fig. 3—The slabs were sprayed with water while curing, 8 to 10 hours after 
casting. 


treated in the autoclave. Since the plant was working only one shift, 
the curing of the slabs actually continued for 16 to 24 hours. Eight or 
ten hours after casting, the slabs were sprayed with water from a hose 
(Fig. 3) using a special spraying nozzle to protect the soft surface of the 
slabs from the impact of the water jet. 

When cured, the cars loaded with slabs were moved by a winch into 
the autoclave which was then closed and the steam turned on. The 
schedule used for steam treating was as follows: (a) raising steam press- , 
ure up to 8 atmospheres—3 hours; (b) curing under 8 atmospheres of 
pressure—6 hours; (c) lowering the steam pressure to zero—3 hours. 

When steam treatment was completed, steam and condensed water 
were discharged, the autoclave opened, and in one or two hours the cars 
with the finished slabs were moved out. 

Two hours after discharge from the autoclave the clamps at the 
corners of the forms were released, the forms overturned and removed 
from the slabs which were then transported to the storage yard. 


Ps 


Tests 

To control unit weight and determine compressive strength, 10 cm 
(approx. 4 in.) cubes were made for each set of slabs when changing the 
brand of cement or the specified unit weight. Also, one slab: was se- 
lected from each set to be tested for bending (Fig. 4 and 5). The physical 
characteristics of these slabs are given in Tables 1 and 2. 

The results of bending tests for slabs with different unit weights and 
composition are given in Tables 3 and 4. 
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¥ 
Fig. 4—One slab was selected from each set for bending tests. 
Adopted mix 
Reinforced foam concrete slabs with a unit weight of 750 kg per cu m 
(46.8 lb per cu ft) were adopted for mass production. The ratio of 
h 





Fig. 5—Load test on autoclave treated slab 
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cement, marshalite and sand was 1:1:1 and the cement content 230 kg 


per cu m (4.1 sacks per cu yd). 


PROPERTIES 
The following investigations have been carried out with special refer- 
ence to the effect of atmospheric conditions: (a) water absorption and 


TABLE 1—PHYSICAL CHARACTERISTICS OF SERIES 1 TEST SLABS 





Materials per cu m (35.3 cu ft) 











Size of slabs* 





Unit weight 
No. | Cement | Marshalite | Sand | Width “Depth — 
| kg per | Ib per | 

kg lb kg Ib kg | Ib | cum | cuft em in em in 
1+ | 220 | 484 220 484 — — | 500 | 31.2] 50 | 19.7] 8.5] 3.4 
2 270 | 594 | 150 | 330 150 | 330 | 630 | 39.4 | 50 | 19.7] 9.5] 3.8 
3+ | 290 638 | 290 638 —|— 640 | 40.0 | 45 17.7 | 10 3.9 
1 | 300 660 190 | 418 190 | 418 750 | 46.8 | 45 | 17.7] 10 3.9 
5 | 230 503 230 | 503 | 230 | 505 | 760 | 47.5] 45 | 7.7 | 9.5| 3.8 
6t | 235 517 | 235 517 | 235 | 517 | 780 | 48.7 | 50 | 19.7 | 10 3.9 
7 | 195 | 429 | 195 | 429 | 195 | 429 | 650 | 40.6 | 50 | 19.7 | 10 | 3.9 
8 | 155 | 341 | 223 | 491 223 | 491 660 | 41.2 | 50 | 19.7 10 3.9 
9 | 155 341 | 155 341 310 | 684 | 680 | 42.5] 50 | 19.7 | 10 3.9 





*Length of each slab was 1.7 m (5.57 ft). ; 
+Reinforcement in slabs 1, 2, 6, 7, 8 and 9 consists of 6 rods, 6 mm (4 in.) diameter and 6 rods, 3 mm 


(& in.) diameter. 


Slabs 3, 4 and 5 have 5 rods, 6 mm (4 in.) diameter and 5 rods, 3 mm (% in.) diameter. 


TABLE 2—PHYSICAL CHARACTERISTICS OF SERIES 2 TEST SLABS 





Size of slab 














| lxwx Weight of slab | Unit weight 
No. | | | 

cm in. kg Ib kg per Ib per 

| |} cum cu f 
1 166 x 49 x 12.5 | 65.4x 19.3 x 4.9 69.5 153 ; 550 34.4 
2*| 177 x 50x13 69.7 x 19.7 x 5.1 76.1 168 550 34.4 
3 166 x 45 x 13 65.4 x 17.7 x 5.1 70.0 154 600 37.5 
4 | 200x 50x13 78.8 x 19.7 x 5.1 97.0 214 650 40.6 
5 195 x 50 x 13 76.7 x 19.7 x 5.1 | 102.0 225 700 43.7 
6 166 x 50 x 12.6 | 65.4 x 19.7 x 5.0 85.0 187 700 43.7 
7 166 x 50 x 12.7 | 65.4 x 19.7 x 5.0 89.0 196 750 46.8 
8 177 x 50x 13 69.7 x 19.7 x 5.1 98.0 216 750 46.8 
9 166 x 50 x 13 65.4 x 19.7 x 5.1 | 106.0 234 800 | 50.0 
10 | 200 x 50 x 13 78.8 x 19.7 x 5.1 | 125.0 276 850 53.0 
11 | 166x 50x 12.5 | 65.4x19.7x4.9 | 78.0 172 650 40.6 














Cement 
requirement 








kg per sacks per 
cum cu yd 
195 3.5 





| 
240 | 4.3 
| 


210 3.8 
230 4.1 
250 4.5 
|} 250 | 4.5 
| 260 | 4.7 
| 260 | 4.7 
| 230 | 4.4 
| 300 | 5.4 
230 i 





*The cement-sand ratio is 1:1.5 for all slabs except No. 2, 


which is 1:1. 
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frost resistance; (b) effects of alternate boiling water vapors and frost; 
(c) accelerated test for alternate wetting and drying; (d) determination 
of strength under saturated conditions (coefficient of softening); (e) 
determination of hygroscopic properties; (f) water condensation in the 
concrete and (g) the behavior of reinforced foam concrete slabs stored 
for 214-3 years in the open air. 

The strength and the coefficient of thermal conductivity, k, of the auto- 
clave treated foam concrete, depending on the cement-sand ratio and 
on the properties of the components, are shown in Table 5 as measured 
in 10 em (4 in.) cubes. 

Full size test slabs, 2 x 0.5 x 0.12 m (79 x 19.75 x 4.75 in.) failed under 
uniformly distributed loads as shown in Table 6. 

Compressive strength of the foam concrete increased 30 percent at the 
end of one year and 40 percent in 2) years. 

Investigations showed that the autoclave treated concrete was weather- 
proof (resistant to rain, snow, frost and heat) and kept its strength and 
volume constancy even under sharp temperature variations. Slabs 


TABLE 3—TEST DATA FOR FOAM CONCRETE SLABS SERIES 1, LOAD 
UNIFORMLY DISTRIBUTED 











Compressive Loads§ 
strength —_—_—_—_——_———_|— — 
(10 cm cubes) | At first crack At failure 
No. — a — — — ————— 
kg per | kg per | Ib per kg per lb per 
sq em psi sq m sq ft sq m sq ft 
it 17.5 | 29 | —- | - 1160 | 238 
| 
2 25.0 | 356 — — 1400 287 
| 
« a } me | | on } 
3t 32.0 455 — — 2020 414 
| 
} 41.0 } 583 1230 252 ” ’ 
| 
— | © = 
5t 42.0 , 598 1740 357 2230 157 
| 
6 43.0 612 1850 379 t t 
7 24.0 342 = — | 1800 267 
S 24.0 342 — — 1360 279 
9 22.0 313 _ - 1180 242 
*Slab No. 4 loaded to 1700 kg per sq m (348 lb per sq ft) without failure. 
+Slab No. 6 loaded to 2350 kg per sq m (482 Ib per sq ft) without failure. 
tSource and strength of cement used: 
a. Slabs 1 and 2—Soucholojsky plant, compressive strength of standard mortar at 28 days — 240 kg 
per sq cm (3420 psi). 
b. Slabs 3 and 4—Novorossijsk plant, compressive strength of standard mortar at 23 days — 280 kg 
per sq em (3980 psi). 
ce. Other slabs—Katav-Ivanovsky plant, compressive strength of standard mortar at 28 days — 250 


to 300 kg per sq em (3560 to 4270 psi). 
§Length of slabs is 170 cm (67 in.) while test span is 165 em (65 in.). 








a 
zt 
Oo 
aad 
© 
we) 
5 LGP 0€ (45 83°) WT Jo WYsIoy B WOT | II 
a | (41 #8) 34 gE Jo peor youdury | 
d | Oz og | 9S€ | CEL ooe | oof | & | OF 
uols 
jo 0u0z 9y} ul UBds ay} Jo a[ppru oY} 48 porvodde yous y | | te | ¢m¢ | oocs | ZI 6 
| | 






Lu syioddns oy} avou paivodde syovid Mojjeys (‘Ul $6) WO | 
5 _| a 7 OOT jo yysIoYy B Woy pBo] ours ou | ZI 6 
= Q¥[S OY} UI SYORIO OU 210M 10Y} YoudUAT ayy IOV | (‘ul ¢°G6Z) WO cy Jo YYsIEY | 
D v WOlJ (G[ $8) BY VE JO pRo, youdury | Zs 6 
Z Gybs | 
be Jod qt ¢gF) wt bs sod Sy OZIZY JO pvoy JapunN [rey you pip qrig | CZ9 tt ‘ ; ZI | 6 
aIN[IBy JO JUsWIOU By 4e parvedde youl Vy OFS se | ISP 0022 : SI | 8 
& aIN[rey JO JUsWIOW oY} Ye porvedde yorin y | OF Se S0¢ CLtZ | ei | $1 L 
3 Bess ie Och | Of0% | s98 oszt | e% | 9 
e) dIN] IV] JO JUMUIOU BY} 4B poivedde SyoBlg | ESP FE rif 0z20Z S| 4 ebg bi tr | ¢ 
oO (93 bs aad q] 9¢Z) wi bs.a0d Sy YOST AopuN sanoy g ul pores quig LGY “og OFZ oozt. | FOL | em | 
> | 88 z | oe | OFST | 6st | ¢ | & 
<q | 86 | OF | & OsTT | sé el | @ 
0) 8% 0Z COZ ooor | 601 | 6 I 
[a4 a } | 
S isd wo bs | wu bs | }} bs 
z Jod Sy | Jad 3y Jad q] ; 

| | SABp 
= SYIBWOY & i | asy | ‘ON 
= (seqno Wd QT) | | | 
5 yyBualys aAtssordw0y | aINIIB] VV yovid 4ysay VV 
ar = | 
<4 poy 
Z | 
a 
se} & $3lN39S ‘SAVIS JLJYDNOD WVO4 YOI VIVO Isal—y 31aV1 


‘Oo 
vt 





REINFORCED FOAM CONCRETE ROOF SLABS 47 


TABLE 5—COMPRESSIVE STRENGTH AND ee CONDUCTIVITY OF 
FOAM CONCRETE 





| Compressive strength 
Unit weight at 2 days Thermal conductivity 
(10 em cubes) 


| | Cal y per sq m BT U per sq ft 
kg per cu m | Jb per cu ft | kg per sq cm!) psi per hr per | per hr per deg 
| deg C per m | F perin. 


500 31.2 16 - 20 | 228 - 285 | 0.08-0.10 | 0.65 - 0.81 
600 37.5 23-27 | 327-284 | 0.12-0.13 | 0.97-1.05 
700 43.7 | 30-35 | 427-498 | 0.14-0.15 | 1.13-1.22 
800 50.0 40-50 | 569-712 | 0.16 -0.18 1.30 - 1.46 
900 56.2 60-70 | 854-996 | 0.22-0.24 | 1.78-1.94 


stored outdoors for 214 years and exposed to all weather conditions 
showed neither cracks nor other evidences of failure nor a decrease in 
strength. 

The coefficient of softening of the autoclave treated foam concrete, 7.e., 
the ratio between its strength in a water saturated condition and the 
normal strength, equaled 0.82, which is no lower than that of plain con- 
crete and brick. 

The autoclave treated foam concrete resisted 25 cycles of alternate 
saturation with water and freezing at —20 C (-4 F) without any decrease 
in strength or evidence of failure. 

After 5 cycles of wetting for 48 hours, followed by drying at 70 C (158 
F) for 48 hours, the concrete showed no evidence of failure or strength 
decrease. Owing to the treatment of foam concrete in an autoclave, 
the effects of shrinkage were comparatively small (not more than 0.5 


TABLE 6—FAILURE OF FULL SIZE TEST ‘SLABS* © 


Unit weight Uniformly distributed load 
kg per cu m Ib per cu ft kg per sq m lb per sq ft 
600 | 37.5 | 1400 | 288 
700 43.7 | 1800 370 

: 
800 50.0 2200 452 





*5.5 ft x 19.75 in. x 4.75 in. 
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mm per m, or 0.05 percent, at 1 to 2 years) and took place essentialiy 
while the concrete was hardening in the autoclave. 

The water absorption of foam concrete with a unit weight of 606 kg 
per cu m (37.5 lb per cu ft) after soaking in water for 4 days, was 22 per- 
cent by volume or 36 percent by weight. The moisture content of the 
foam concrete was generally 4—6 percent. 

When the autoclave treated concrete was subjected to a temperature of 
—30 C (-22 F) on one side of the slab and to a temperature of 18 C (65 
F) on the other, accompanied by high humidity (up to 90 percent) the 
moisture condensation within the foam concrete at 1-144 months was 
negligible (6-7 percent). 

Exposure to fire at temperatures up to 350 C (662 F) for 4 hours 
failed to reduce its strength. Slabs 200 x 50x 12 em (79 x 19.75 x 4.75 
in.) under direct action of fire for 4 hours, followed by wetting, exhibited 
a decrease in bending strength of only 35 percent. 

The concrete developed a solid bond with the reinforcement, covering 
its whole surface with a watertight layer of very rich, dense mortar to 
resist corrosion. 


CONCLUSION 


Roofs built of these slabs and 2 layers of bitumen saturated felt, when 
substituted for the usual type of roof built of ribbed reinforced concrete 
slabs 4 to 5 em (1% to 2 in.) thick, an insulating layer of slag or foam 
concrete (not autoclave treated) and 2 layers of bitumen saturated felt, 
gave the following economies: (a) cost, 15 to 20 percent saving; (b) 
cement, 10 to 30 percent less; (c) metal, 20 to 40 percent less; (d) labor, 
50 percent reduction and (e) time of completion was cut in half. The 
load carrying capacity and insulating properties of the two types of roof 
are considered equal. 


As this issue was going to press the following comment arrived 
from the author—‘‘After ten years’ progress in the manufacture of 
cellular concrete the paper is considered unsuitable for pub- 
lication."” So far as we know, the method described has not been 
used in American practice, nor described in American technical 
literature. Despite later refinements in techniques it is believed to 
be of sufficient technical interest to warrant publication and at 
the same time avoid the necessity of re-makeup and delay in 
publication of this month’s JOURNAL. 

Editor 
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Continuing the series of short articles on concrete 
floors, Mr. Gruenwald emphasizes that it is easy to 
build durable floors by observing the fundamentals 
of good construction practice and mix design. 


Suggestions on Concrete Floor Construction*® 


By ERNST GRUENWALDft 


SYNOPSIS 
The relationship between good concrete floors and the proper selection 
of cement and aggregates is discussed. Data are cited to emphasize the 
advantage of coarse-aggregate mixes over cement-sand topping for 
concrete floors. 


INTRODUCTION 


Millions of square feet of concrete floors are in use today and have 
given excellent service for many years. Unfortunately; their fine per- 
formance record often is forgotten because of occasional poor results. 
But even these isolated cases need never have occurred, since it is easy 
to produce a good concrete floor. 

Extensive literature exists on this subject, and much that will be said 
in this paper should be a familiar story. In 1930, as a result of an exten- 
sive study of concrete floors and their performance, ACI Committee 802 
published a report! ““Good Practice in Concrete Floor Finishing.” The 
committee recommendations for concrete construction methods and 
proportions are still valid and by following them carefully an excellent 
floor can be produced. Both workmanship and construction procedure 
play an important part in attaining good results. 

In building concrete floors, given good materials, workmanship is 
responsible for the final quality of the floor. The troweling must be 
timed carefully, since finishing wet mixes results in unsatisfactory sur- 
faces. This phase of construction procedure is exhaustively treated in 
the above-mentioned report and elsewhere. f 

Since concrete floors are used under widely varying conditions, service 
requirements should determine the selection of the mix to produce the 





*Received by the Institute Sept. 15, 1947. Title No. 46-4 is a part of copyrighted JourNAL or THE 
AMERICAN Concrete Institute, V. 21, No. 1, Sept. 1949, Proceedings V. 46. Separate prints are avail- 
able at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1950, 
Address 7400 Second Boulevard, Detroit 2, Mich. 

+Member American Concrete Institute, Manager, “Incor’’ Division and Technical Service, Lone Star 
Cement Corp., New York, N. Y. : 


tSee references 1, 2, 3, 5, 6, 7 and 8 at end of paper. 
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desired quality of concrete. The quality of the concrete depends on the 
quality of its ingredients, the proportions of cement to aggregates, the 
amount of mixing water, the finishing operations and, finally, curing. 


MATERIALS 
Cement 

The properties of portland cements are well understood and compliance 
with A.S.T.M. Specifications is assurance of satisfactory quality. Types 
I, II, and III afford a choice for specific uses. Types I and II can gen- 
erally be used interchangeably, with Type II offering somewhat in- 
creased resistance to sulfate waters. Type III—high early strength 
portland cement—offers the definite advantage of producing a floor 
ready for use after 24 hours and thus suggests itself for jobs where time 
is an important factor. 

Aggregates 

With aggregates also, compliance with A.S.T.M. Specifications | 
assures generally satisfactory material. The aggregates should be 
selected for the service they are to give. A concrete floor must be re- 
sistant to abrasion, therefore the aggregates must have a high resistance 
to wear. The largest size and maximum amount of aggregate consistent 
with workability and thickness of floor topping should be used. 

Table 1 shows guide values of fineness modulus for the total aggregate 
in relation to the cement content of the mix. These values have been 
prepared from a series of tests with good, average aggregate. One trial 
mix using the fineness modulus indicated for the particular cement 
content, with adjustments to allow for the characteristics of the aggre- 
gates used, usually will result in satisfactory proportions. While top- 
ping mixes containing coarse aggregates may not finish as easily as 
cement-sand mixes, the extra finishing work will be justified by the 
superior quality of the resulting concrete. 

The size and shape of the aggregates have an important bearing on 
the amount of water required to produce a concrete of a given work- 


TABLE 1—CEMENT CONTENT OF MIX AND FINENESS MODULUS OF 
TOTAL AGGREGATES 


Cement content of mix—bags per cu yd 
Size of 
rr 


agvrecate 
aggregate 


8 9 10 1] 12 


Gravel as coarse aggregate* 


3¢-in. 1.58 1.68 1.78 1.88 1.97 5.06 
V4-in. 1.86 $.96 5.06 5.16 §.25 5.34 


*For stone, reduce values by 0.1. 


, 
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ability. For the same cement content, sand mixes require from 1 to 
114 gal. more water per bag of cement than a 34-in. gravel concrete, which 
results in a 1500 to 2500 psi reduction of the 28-day strength and a cor- 
respondingly lower resistance to wear. 
Cement and water content 

For a given aggregate, cement and water content of the mix determine 
quality of the concrete. Again, the service requirements control the 
selection of a suitable water content which should be no more than 5% 
gal. per bag of cement for normal duty and not more than 41% gal. per 
bag for heavy duty floors. Fig. 1 shows the familiar relation between 
the water content and compressive strength of concrete using “Incor’’ 
24-hour cement and Lone Star portland cement. These strengths are 
from tests on 2-in. cubes rather than 6x 12 in. cylinders, since it was 
thought that 2-in. cubes would indicate strengths more representative 
of floor toppings. The recommended water contents of 444 and 54 
gal. per bag of Type I cement produced 28-day compressive strengths 
of 8000 and 5800 psi, as compared to 9000 and 7200 psi for Type III 
cement. Contractors specializing in concrete floor construction have 
used mixes with less than 4 gal. per bag testing as high as 14,000 psi at 
28 days.*{ Compressive strength may be taken as indicative of the 


le hr. Ar: 





Ss 


4 5 6 7 os 5 6 7 
Total Water per bag Cement - Ga/s. Total Water per bag Cement- Gal's. 


Fig. 1—Compressive strength of concrete floor topping mixes. “‘Incor"’ 24-hour 
cement (left) and Lone Star portland cement (right) 

4-in. slump. Sand and *<-in. gravel as  eqprentins. Mixes by weight: 1-2, 1-2!4, 1-3, 1-1-1, 1-1-14, 
1-1-2, 1-114-2, 1-14-26 and 1-2- 2'4. Tests of 2 in. cubes, cured in water at 70 F. Strengths, average 
of 6 cu 


*Test data, Cemasco Floor Co., Chicago, TIl. y 

+Mixes of cast stone are similar to the mixes used in floor toppings. The strength of 2-in. cubes has 
ranged as high as 21,720 psi. Tucker, J. Jr., Walker, G. W. and Swenson, J. A., ““The Physical Properties 
of Cast Stone,”” ACI Journat, Dec. 1931, Proc. V. 28, p. 253. 
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Fig. 2—Compressive strength of cement-sand mixes. ‘‘Incor’’ 24-hour cement (left) 
and Lone Star portland cement (right) 


4-in. slump. Fineness modulus of sand 2.60. Tests of 2 in. cubes, cured in water at 70 F, after 1 day 
in molds. Strengths, average of 6 cubes. 


comparative wear resistance, as other investigators have found a general 
~ relationship between compressive strength and wear resistance.‘ 
Proportioning 

Because they are easy to place and finish, the old-fashioned 1:2 or 
1:214 cement-sand mixes are still widely used, despite technical data on 
strength, wear resistance, shrinkage and absorption showing them to be 
inferior to mixes containing coarse aggregate. In finishing a cement- 
sand mix the cement-water paste plus the fines in the sand are brought 
to the top, with crazing and dusting the unavoidable result. Further- 
more, near the surface where the greatest wear-resistance is needed 
there is a layer of rich cement mortar of low resistance to abrasion. 

Coarse aggregate, whether gravel or crushed’ stone, immeasurably 
improves a floor-topping concrete and, moreover, is more economical. 
Sand-gravel mixes containing almost two bags of cement less per cu 
yd of concrete will produce about the same strengths as the straight 
sand-mortar mixes, as shown in Fig. 2, using the previously mentioned 
cements. In addition, coarse-aggregate mixes have approximately 40 
percent less shrinkage and show considerably less absorption than sand- 
cement mixes. 

Proportioning of the mix must be done with great care. On bigger jobs, 
proportioning should be done by weighing the ageregates. Wheelbarrow 
scales may be used and on small jobs, where weight proportioning may 
not be undertaken economically, calibrated wheelbarrows or volume 
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boxes should be used. Lack of control in proportioning often is re- 
sponsible for the varying quality of a concrete job, where areas of good 
concrete occasionally are interrupted by patches of poor quality. 


CURING 


Care in proportioning and good workmanship in placing and finishing 
are essential for a good concrete floor, but all this work may be nullified 
if curing of the freshly placed concrete is neglected. All concrete floors 
have a large surface for evaporation in relation to a relatively small mass 
of concrete. Rapid evaporation from the freshly placed concrete causes 
crazing and surface shrinkage cracks, vastly reducing the quality of the 
concrete. Concrete floor topping should be kept wet from 6 to 8 days 
when Type I or Type II cement is used, and from 1 to 2 days when 


ee cers - - 


Type III cement is used. Under average job conditions, where it is 
difficult to maintain continuous curing for 6 to 8 days, the use of high 
early strength cement is recommended. With its higher curing efficiency, 
one to two days of curing is sufficient to produce a durable floor. High 
early strength cement concrete cured one day has been shown to have 
the same wear resistance as Type I or II cement concrete cured 7 days. 
Tests have shown that high early strength cement mixes, after 1 day 
curing, have approximately 70 to 80 percent of their potential strength as 
compared to about 50 percent for Type I cement mixes. 


SUMMARY 





A well-built concrete floor will give long service over a wide range of 
conditions. The essential requirements for a good floor include ap- 
propriate construction methods and the use of adequate concrete mixes. 
Thus, building a durable, nondusting concrete floor resolves itself into 
the observance of a few fundamentals: select the proper cement, use 
| suitable aggregates, proportion accurately, mix, place and finish care- 
fully—and then cure thoroughly, because, other factors being equal, 
the better the curing the better the floor. 
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Air entrainment in concrete continues to occupy the 
minds of engineers seeking to improve the quality 
of concrete and its placing and finishing. Mr. 
Waddell describes how air-entraining concrete 
was used advantageously in the lining of an irriga- 
tion canal. 


Use of Air-Entraining Concrete in Canal Lining* 
By JOSEPH J. WADDELLt 


SYNOPSIS 

This paper presents a discussion based on field observations of the 
use of air entrainment in canal lining concrete. The Bureau of Reclama- 
tion made studies of air-entraining agents for use in the irrigation canal 
lining for the Friant-Kern Canal on the Bureau’s Central Valley Project 
in California. Results to date indicate that appreciable benefits accrue 
when an air-entraining agent is used in concrete which is placed and com- 
pacted by means of a mechanical slip-form. Care is necessary in adjust- 
ing concrete mixes to incorporate entrained air because of the sensitivity 
to mix changes of concrete for slip-form placement. 


CONSTRUCTION PROCEDURE 


New techniques, and the adaptation of old ones have characterized 
construction work on the Friant-Kern Canal, especially in the placing 
and subsequent treatment of the concrete lining. Concrete production 
and handling followed conventional methods of central plant batching, 
batch-truck hauling, and mixing in a dual drum paver. The machinery 
line-up for the canal construction is shown in Fig. 1. Continuous placing 
of concrete was accomplished by means of a self-propelled lining machine 
which shaped the concrete to the required contour. The machine was 
larger than any previously built at the time of its construction, being 
built to produce a bottom width of 36 ft, depth of 17 ft, and side slopes of 
i44 to 1. It traveled.at a maximum speed of 110 ft per hour on 60-lb 
steel rails set accurately to a predetermined grade on the berms of the 
excavation. The trimming machine traveled on these same rails to 
accurately fine-grade the excavation. Most of the 75-ton weight of the 
lining machine, plus 25 tons of ballast, was supported by a slip-form of 
15-in. steel plates which conformed to the canal cross section, pressing 
on the freshly vibrated concrete and shaping it. Operating power was 
obtained from two diesel engines mounted in the structural steel frame- 
~ *Received by the Institute May 31, 1949. Title No. 46-5 is a part of copyrighted JourNAL or THE 
AMERICAN Concrete Institute, V. 21, No. 1, Sept. 1949, Proceedings V. 46, Separate prints are available 
at 35 cents each. Discussion (copies in tiiplicate) should reach the Institute not later than Jan. 1, 1950. 


Address 7400 Second Boulevard, Detroit 2, Mich. , : , 
+Member American Concrete Institute, Engineer, Bureau of Reclamation, Friant, Calif. 
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work, one of them driving the machine and the other driving an electric 
generator. 


Maintaining grade 

To maintain the form on grade, a steel wire was stretched on each berm, 
about two feet above the rail and a fixed distance above the canal grade. 
Four reference points, one over each truck of the liner, were held opposite 
the wires at all times by means of four hydraulic jacks built into the 
machine. By means of these jacks, a workman raised or lowered the 
form (Fig. 2) as the wheel trucks followed small irregularities in the 
track elevation. Thus it was possible to hold the finished grade within 
a tolerance of plus or minus 4 in. 
Lining characteristics 

The lining is 31% in. thick and except in the vicinity of certain struc- 
tures it is unreinforced. Transverse grooves, 1 in. deep by about \% in. 
wide, were made at 12-ft intervals. Six longitudinal grooves of the 
same cross section were also made. These grooves were filled with 
a cold-applied mastic filler. Curing was accomplished by means of 
white-pigmented sealing compound sprayed on the concrete surface as 
soon as finishing had been completed and the grooves filled with mastic. 
Placing concrete 

Concrete from the mixer was carried in the boom bucket to an elec- 
trically driven shuttle car which traveled on rails across the form, from 
which it was discharged over a nearly vertical steel apron terminating 
in open bottom hoppers at the leading edge of the 4-ft steel skin plates 
comprising the form proper (Fig. 3 and 4). A subsequent improve- 





Fig. 1—The line-up in the canal. From left to right are trimmer, sprinkling jumbo, lining 
= finishing and grooving jumbo, mastic joint filler jumbo, and curing compound 
jumbo. 
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Fig. 2—Operating one of the 
hydraulic jacks to maintain the 
form on grade 





ment, made when the second machine was manufactured for this job, 
was the substitution of downspouts, or elephant trunks, for the apron. 
Nineteen 10-in. diameter spouts were suspended vertically in a row 
across the machine, their 48-in. square receiving hoppers forming a 
continuous receptacle into which the shuttle car discharged the con- 
crete. Besides providing for better control of segregation of the con- 
crete, the spouts afforded visibility through the machine up and down 
the canal. Six tube-type vibrators, situated perpendicularly to the 
‘anal axis and parallel to the bottom and sides, vibrated the concrete 
in place. These electrically driven vibrators were located immediately 
ahead of the skin-plate beneath the open bottom hoppers (Fig. 4). With 
214-in. slump concrete, it was found that operation of the vibrators for 
20 percent of the time was sufficient to compact it. Excessive vibration 
would cause the concrete on the slopes to slip towards the bottom, 
resulting in a wavy appearance of the finished surface. The concrete 
was not vibrated while it was under the slip-form, nor was the form 
vibrated. 
Finishing 

The concrete was semifinished as it emerged from under the slip-form, 
at times being rough and containing small voids or ‘‘bug holes’ on the 
surface. A finishing operation was necessary to smooth the surface. 
Finishers, working on outriggers behind the form (Fig. 5), hand-finished 
the surface to a degree sufficient only to fill voids and produce a reason- 
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Fig. 3—Forward side of lining machine, showing the inclined apron and open bottom 
hoppers at the leading edge of the form 


Fig. 4—Close-up view of the 
front of the liner. This shows 
concrete from the shuttle car being 
discharged over the steel apron 
and into the open hoppers. Motor 
drive for two of the vibrators 
may be seen at the lower edge 
of the liner. 








ably smooth surface. Ordinary finishing trowels were used on the 
slopes, and long-handled steel floats were used for the invert. More 
work was necessary on the side slopes due principally to the fact that 
the concrete surface remained drier, any water resulting from bleeding 
finding its way into the invert. Only very slight working of the invert 
surfaces was necessary, one or two passes of the float being sufficient. 
Excessive finishing was harmful because of the presence of free water. 
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Fig. 5—Hand finishing the slopes 
” out-riggers behind the slip- 
‘orm 





AIR-ENTRAINING CONCRETE USED 


The presence of this free water influenced the decision to try an air- 
entraining agent in the concrete. Because the canal is in a region where 
freezing and thawing are not significant, resistance to such weathering 
was not of prime importance. Other expected advantages of air entrain- 
ment, such as better workability and use of less water and sand, were 
considered to be of sufficient importance to warrant an attempt to make 
use of the relatively new procedure. The control of bleeding was the 
determining factor prompting a trial use of the material. 

Finishing characteristics determine mix design 

The first attempts to use an air-entraining agent were unsuccessful. 
This was due to the way in which the mix was adjusted; the procedure 
when adding an air-entraining agent was to reduce the amounts of 
sand, cement, and water in the mix, the theory being that concrete of 
equal workability could be obtained by reducing these constituents and 
at the same time entraining between 3 and 5 percent air. Results soon 
demonstrated that this was impractical so far as canal lining concrete is 
concerned. Equal workability was obtainable, it is true, but due to 
the peculiar finishing characteristics necessary for canal lining concrete, 
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it was soon found that ‘equal workability” at the time of placement 
was not the criterion by which to judge the quality of concrete. 

Lining a canal with concrete using the method described requires 
that the concrete be finished immediately after placing. This finishing 
is extremely sensitive to the quality of the concrete. Slight variations 
in slump and workability affect the finishing characteristics much more 
than for concrete placed and finished by conventional methods. The 
first trials demonstrated the expected benefits of reduced water gain 
and reduced tendency towards segregation. Reduction of the amounts 
of sand, cement and water, however, counteracted any improvement 
that might have been noted in the finishing properties of the concrete 
after it had been deposited on the side slopes. The finishers complained 
of a lack of fines in the mix and stated that the concrete possessed a 
rubbery characteristic. That is, floating or troweling made a large 
area of the concrete quiver or tremble, causing it to slip down the slope. 
At times, cracks would appear in the fresh concrete. Deferring fin- 
ishing until it could be done in a satisfactory manner delayed other 
operations, such as making weakened-plane grooves and application of 
sealing compounds, with subsequent increase in cost. Air-entraining 
concrete designed as mentioned above defeated the objective desired. 

The writer recognizes that some of the effects attributed to air en- 
trainment may have been due to other causes such as changes in aggre- 
gate grading, subgrade character, temperature, and others. Several 
trials with similar consequences, however, convinced all concerned 
that air entrainment was the chief cause of the effects noted. 

Further trials proved successful 

While finishing of the bottom flat was greatly expedited by the re- 
duction in bleeding, there was a loss of workability on the slopes which 
more than offset the gain made in the invert. The next attempt was to 
add the agent to a concrete mix which was already workable, the only 
change being to adjust the amount of water to keep the slump constant. 
No adjustment was made to the amount of cement or sand. Such a mix 
adjustment was reflected in lower water and cement contents, the 
lower cement content, of course, resulting from the increased yield due to 
lessened unit weight of the concrete. Two such mixes are summarized 
in Table 1, with cement and aggregate properties listed in Tables 2 and 3. 
"These particular mixes, containing 114-in. maximum size aggregate, 
had a sand content equal to 40 percent of the total aggregate. (All mix 
proportions are by weight.) It was possible to reduce the sand to 38 
percent of the aggregate, but any reduction below that point was sure 
to bring complaints from placing inspectors and finishers. This was 
demonstrated many times when the sand percentage was reduced without 
their knowledge. 
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TABLE 1—SUMMARY OF TRIAL MIXES 


A: Mix proportions—1 :2.71:4.06 


See, 








-————— 

















28-day 
Percent Cement Water W/C | compressive 
air | bbl per cu yd lb percuyd | ratio | strength—psi 
- | 1.31 269 0.55 | 3350 
ay 4 SS 259 0.55 | __ 3180 
B: Mix proportions—1 :2.53:3.79 
- 1.38 290 0.56 3470 ¥ 
a 1.34 ——— A 0.55 | 3150 
TABLE 2—PROPERTIES OF CEMENT 
Type: Modified Type Il 
Chemical analysis Compound composition 
Material Percent Material | Percent 
SiO» 24.6 | CS 48.9 - 
Al.O; | 3.3 CS 33.9 
FeO; 2.8 C;A 4.1 
CaO 65.4 C,AF | 8.5 
MgO 1.4 CaSO, 2.2 
SO; 1.3 
Ignition loss 0.61 | 
Na,O | 0.20 
K.O 0.18 
Insoluble residue 0.11 








Physical properties 


Specific gravity 3.16 
Autoclave expansion 0.04 percent 
Compressive strength 7 days—2340 psi 


28 days—3690 psi 
1850 sq em per gram 


Specific surface 





Air entrai t simplifies and speeds up finishing 

At first glance, use of an air-entraining agent under these circum- 
stances appears to be superfluous. Experience on the Friant-Kern 
Canal, however, was to the contrary. With a reduction of the unit 
weight of concrete from approximately 151 lb per cu ft to 144 lb, there 
is a 4.6 percent increase in yield per unit of cement, and it follows that 
there is a consequent reduction in cost per cu yd of concrete if the re- 
duction in strength resulting from air entrainment is ignored. The 
increased workability and durability resulting from the entrained air 
made it possible to use a leaner mix having slightly less strength. Strength 
in this particular instance was ample and could be reduced accordingly. 
Finishing procedures were simplified and speeded up due to the reduic- 
tion in water gain or bleeding and to improved workability. This was 
especially noticeable in the invert of the canal which was finished with 
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TABLE 3—PHYSICAL PROPERTIES OF AGGREGATE 
Type: River-borne aggregate Source: Madera Irrigation District Tract 








Coarse aggregate 
Item Sand 5 - 3% in. 3% - % in. 34 - 1% in. 
Unit weight (Ib per cu ft) 








Dry loose 96.7 92.6 91.4 93.6 

Dry rodded 101.8 99.2 98.6 100.8 
Mix proportions 

(percent) 40 5-9 19-23 32 

Sand 
Screen Percent No foe eS ldo emctenieais woos Clear 
size retained 

— — ee Preis acai b Stam 2.2 percent 

No. 8 11.1 

No. 16 15.2 Specific gravity........... ee 

No. 30 31.2 

No. 50 26.4 24-hour absorption........... ... 0.71 percent 

No. 100 12.0 ; 

Pan 4.1 Sodium sulfate soundness ......... 7.1 percent 

F.M. 2.75 (percent loss 5 eveles) 





Coarse aggregate 








Specific gravity... .. Pony a= 2.65 
2¢-hour absorption... 2.2.0... 00. 0.49 percent 
Sodium sulfate soundness ...........1.5 percent 


(percent loss 5 cycles) 





long-handled steel trowels. Prior to the use of air-entraining concrete, 
bleeding of the concrete in the invert resulted in an excessive amount of 
free water which hindered finishing; at the same time, it was difficult to 
obtain a concrete that was rich and plastic enough to permit finishing the 
slopes without an excessive amount of hand labor. The old remedy had 
been to use oversanded mixes. Entrained air appeared to reconcile the 
conflicting requirements of low slump, high workability and minimum 
bleeding. The rubbery characteristic, noted in the first air-entraining 
mix, was eliminated in subsequent mixes. The air-entraining concrete 
was finished as soon as the slip-form had passed over it and seemed to 
cling to the slopes better than plain concrete. This latter was probably 
a function of the cohesiveness of the fresh concrete. Bleeding in the 
invert was virtually eliminated. Strength of the concrete was not 
affected to any serious extent. 

Experience on the Friant-Kern Canal has demonstrated that con- 
crete canal lining operations can be expedited by the judicious use of 


an air-entraining agent. 








BY WAY OF SYNOPSIS 


Sam Davipson, Epwarp E. Baver and T. M. KE.ty question a 
method of correcting for free moisture in aggregate presented in the May 
JOURNAL. 

WiiurAm A. ANDREWS continues the discussion on the need for a re- 
distribution of emphasis upon certain phases of teaching reinforced 
concrete design. 

E. W. Scriprure, Jr. explains the difference between air entrained in 
ordinary concrete and that resulting from an air-entraining agent. 

Ervinp HoGnest ap presents some “behind the scenes” information on 
Scandanavian construction. 

F. O. ANDEREGG suggests that discrepancies in air entrainment data 
on the effect of sand sizes may be reconciled when air bubble sizes are 
determined. 

Ropert C. Srevzie describes a method for determining the com- 
pressive strength of aggregates. 

Watrer Hess asks for information on soil pressure. 

J. Neri Musrarp describes dry-pack grouting as used by the Hydro- 
Electric Power Commission in Canada. 


Making Corrections for Free Moisture (LR 45-19)T 


Many readers were quick to call our attention to the error in the 
formula on p. 684 of the May 1949 Journau. [Editor] 


Dry weight 2000.00 


— = —__. = __________ = 2174 lb 
(100.0 — moisture) (100.0—0.08) 
should be corrected to read 
Dry weight - __ 2000.0 _ 2174 Ib 





(1 00.0— percent moist ure) ( 100.0 8.0) 


*A part of copyrighted JourNAL or THE AMERICAN Concrete InstrTuTE, V. 21, No. 1, Sept. 1949, 
Proceedings, V. 46. Separate prints are available at 35 cents each, Address 7400 Second Boulevard, 
Detroit 2, Mich. 


+See also ACI Journat, May 1949, Proc. V, 45, p. 684. 


65 








66 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1949 


Sam Davipson, Denver, Colo., discusses 
free moisture correction further. 

The method and analysis followed by Mr. Comack is correct, pro- 
vided the percentage of free moisture is expressed as a percentage of the 
wet weight of the aggregate. If the moisture was expressed as a per- 
centage of the saturated surface dry weight of the aggregate, which is 
the basis recommended by Committee 613 of the American Concrete 
Institute, then that which Mr. Comack says is incorrect is actually 
correct. 





Epwarp E. Baver, Univ. of Illinois, 
Urbana, Ill., emphasizes that in correcting 
for free moisture, values used should be 
consistent. 

Mr. Henry Comack raises a question concerning the accuracy of the 
method generally used for computing corrections for free moisture in 
concrete aggregates. 

It is standard American practice to base the percentage on dry weight 
of the material involved, not the dry weight plus the weight of free mois- 
ture. There is nothing fundamentally wrong with basing percentages 
on the combined weight of dry material and free moisture, but a person 
must know which method was used in securing the percentage and then 
use the value that way. 

Mr. Comack’s illustration begins with the value based on the dry 
weight only and ends up with the value based on the combined weight. 
When percentage values are small there is not much error due to an 
incorrect use, but as the percentage values become larger the errors 
become significant. 

The 2000-lb weight used in Mr. Comack’s illustration contains some 
moisture, if the 160-lb weight is considered to contain some aggregate. 
If it is desired to have 2000 lb of dry aggregate and the aggregate con- 
tains an amount of free water equal to 8 percent of the dry weight of 
the aggregate, then it is necessary to weigh out a total of 2160 lb, which 
will be composed of 2000 lb of dry material and 160 lb of water. 

If the 8 percent value used in the illustration is based on the com- 
bined weight of water and dry aggregate, it is necessary to divide 2000 
lb by 0.92 to secure the correct weight of wet aggregate to use which is 
2174 Ib. 





T. M. Kerry, Beaverton, 
Ore., asks for a definition 
of terms. 

Since mathematical inaccuracy is anathema to Mr. Comack, and 
since he is striving for mix designs that are “‘mathematically and analy- 
tically incontestable’, he would do well to define more precisely his 
terms; such as indicating whether the free moisture was determined on 
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a wet or saturated surface dry basis. It would seem that the “dry 
weight”’ appearing in his last equation is in reality the “‘satfrated surface 
dry weight.” 


Teaching Reinforced Concrete Design—What Should We 
Emphasize? (LR 45-91)* 
Wituiam A. AnpreEws, Instructor in Civil En- 
gineering, Washington Univ., St. Louis, Mo., 
makes some supplementary observations upon 
Prof. Holley’s letter in the June JourRNAL. 

This discussion can be limited to the undergraduate level for two 
reasons: (1) the great majority of men to be employed as reinforced 
concrete designers will not go beyond the Bachelor’s degree and (2) 
graduate students will have sufficient interest to delve thoroughly and 
almost independently into the subject in its important phases. At the 
undergraduate level a definite interest must often be awakened in a 
student; and certainly any course based upon memorization of formulas 
will tend to be a burden on the typical undergraduate student. But 
aside from the mechanics of stimulating interest in the subject matter, 
it seems that Prof. Holley’s suggestions have definite merit in fulfilling 
the needs of the design office. 

The first prerequisite is an instructor familiar with design office 
practice from personal experience. Emphasis upon certain details will 
vary with the interest and experience of the instructor. Then certain 
specific techniques of analysis should be required of the student. Re- 
ferring now to the straight line theory, the writer firmly believes that a 
student should be able to analyze any beam or column for internal 
stresses by cutting a section and applying the forces to the steel and 
concrete necessary to maintain equilibrium. In this manner the student 
learns how to solve the structure without recourse to a single formula. 
True, the student may never resort to such relatively long analyses in 
actual practice (only, twice has the writer found it necessary to rely 
upon such a procedure). But if this “rational’? method of analysis is 
taught simultaneously with each type of structure the student analyzes 
by formulas, graphs, and transformed sections, certain advantages will 
result: (1) the student has a better understanding of the formulas and 
graphs he is using, (2) he becomes confident in his ability to study new 
ideas or theories and (3) when the. student designs a building in the 
laboratory course the loose ends of the theory course are effectively 
gathered in. Considerable emphasis upon this rational means of analysis 
was introduced experimentally a few years ago at Washington Univer- 
sity and has definitely resulted in a more effective course. 





*See also ACI Journat, June 1949, Proc. V. 45, p. 745. 
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It then becomes no major task to give brief instruction in some other 
theory than the straight line theory, and the idea is more effectively put 
across to the student’s understanding that reinforced concrete analysis 
is not a static and fixed subject. In office practice in ordinary building 
design, possibly only four or five formulas are used day after day. Con- 
sidering that these become second nature, and that other formulas 
are looked up, it may be said that memorization is a very small part of the 
designer’s equipment. Therefore, is not the wisdom of memorizing 
formulas or code details subject to doubt? 


There is a limitation upon the amount of time to be divided among 
the rational method, standard analysis procedure, and practical office 
procedure and correlation. The balance must be determined by each 
instructor experimentally. But the desirability of a more basic approach 
seems definitely proven. 


What Is the Difference Between Air Entrained in Ordinary Con- 
crete and That Resulting from an Air-Entraining Agent? (LR 45-29)* 
K. W. Scriprure, Jr., Master Builders 
Co., Cleveland, Ohio, offers an answer to a 
question asked in the June JouRNAL. 
While the work which we have done was not directly concerned with 
the questions raised by Mr. Anjel and does not provide definite data 
concerning them, it is possible to offer some tentative explanations. 


Concrete made with a cement containing no air-entraining agent and 
with no air-entraining agent added at the mixer would be expected to 
contain a small amount of air, 0.5 to 1.5 percent, in the form of grossly 
entrapped air pockets as contrasted with entrained air in the form of 
ERE ; aes e ; naar i 

minute discrete spheroids” secured with air-entraining agents. En- 
trapped air in the form of relatively large bubbles probably does not 
have a beneficial effect on the concrete. 


It is doubtful if there is any such thing as a cement completely free 
from air-entraining agent. Grease and oil leaking into the cement 
during grinding act, to a limited extent, as air-entraining agents. Cur- 
rent practice of making a run on air-entraining cement followed by a 
run on non-air-entraining cement undoubtedly causes the carry-over of 
air-entraining agent during the transition period which may persist to 
the end of the run on non-air-entraining cement. This is well illustrated 
by data on twelve brands of cement which varied from 4.0 to 7.6 percent 
air', when tested by A.S.T.M. Method C 185-47T. We have encount- 
ered non-air-entraining cements showing as high as 12 percent air in this 


*See also ACI JourNAL, June 1949, roc. V. 45, p. 747. 
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test. The cement used in the work? referred to by Mr. Anjel showed 7.0 
percent air in the A.S.T.M. mortar test. Probably the air contents in 
the concrete mixes using this cement with no agent added were made up 
of both grossly entrapped air and entrained air. 

No determinations of resistance to freezing and thawing were made 
in connection with the work referred to but other data indicate that the 
resistance declines as the air content decreases below 3.5 to 3.0 percent. 
It would be expected that the mixes with no air-entraining agent added 
would in most, and probably all, cases show much lower resistance to 
freezing and thawing than the corresponding mixes with admixtures 
A, B and C. 

From our work there is no information on the distribution of the total 
air content of the concrete between grossly entrapped air and entrained 
air, or whether the air-entraining agent reduces the size or quantity of 
the larger bubbles. Probably it does since the surface tension of the 
water is reduced by the agent tending to facilitate formation of smaller 
bubbles. It would seem that this could only be determined by measure- 
ment of the individual air bubbles in the hardened concrete by a method 
such as the camera lucida* method. 

I believe, without direct experimental evidence, that in the mixes 
where air-entraining agents were added not more than 0.5 to 1.0 percent 
of the air was present in the form of grossly entrapped air. Some in- 
direct evidence exists on this point in that good resistance to freezing 
and thawing has been found in mixes with an air-entraining agent con- 
taining 3.0 percent air in comparison with corresponding mixes with no 
addition having 1.5 percent air. 


REFERENCES 

1. Scripture, E. W., Jr. and Litwinowicz, F. J., “Effects of Mixing Time, Size of 
Batch, and Brand of Cement on Air Entrainment,” ACI Journat, May 1949, Proc. 
V. 45, p. 653. 

2. Scripture, E. W., Jr. and Litwinowicz, F. J., “Some Factors Affecting Air En- 
trainment,’’ ACI JourRNAL,' Feb. 1949, Proc. V. 45, p. 433. 

3. Verbeck, George J., “The Camera Lucida Method for Measuring Air Voids in 
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Savings in Foreign Currency (LR 46-23)* 


Ervinp Hoanestap, Univ. of Illinois, Urbana, 
Ill., adds some information to his review pub- 
lished in the May JourNAL. 
In my review of prestressed steel-tile structures in the May issue, the 
printed review ends, “‘. . . . represent a considerable saving as compared 


*See ACI JourNnAL, Current Reviews, May 1949, Proc. V. 45, p. 689. 
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to other slab structures.” Unfortunately, this is not so. I wrote: 
ec . represent a considerable saving in foreign currency as compared 


to. 

The point is, Denmark, Sweden and Norway all have plenty of first 
class aggregates and raw materials for cement manufacture. All of them 
import much of their reinforcing steel. Norway and Sweden save all 
the wood, paper and cellulose they can to export as much as possible. 
Denmark imports wood. Thus, the building industry in all countries 
is advised to find ways and means to use as little foreign currency, in the 
form of steel or wood, as possible. 

The steel-tile floors cost about the same as other slabs; but a far smaller 
portion of that cost is steel and wood—or foreign currency. 

I agree that this is a strange way of doing things, but it seems to lead 
to recovery. 


Bubble Sizes in Air-Entraining Concrete (LR 46-24) 


F. O. AnpEREGG, John B. Pierce Foundation, 
Raritan, N. J., believes that the size distribution 
of air bubbles is important in correlating data on 
the effect of sand sizes on air entrainment. 
Before the results obtained by different workers on the effect of sand 
sizes on the amount of air entrained in concrete can be adequately cor- 
related, it is essential to have a good estimate of the size distribution 
of the bubbles of the entrained air. This size is controlled by several 
factors, such as reduction in surface tension and the presence of im- 
palpable dust which goes to the interface and helps stiffen it. Then it is 
a simple geometric matter to show what size sand grain will best hold 
back a given bubble size. It is suggested that the apparent discrepancies 
reported in technical literature may well be reconciled when bubble 
sizes are determined and reported. 


Determining Compressive Strength of Aggregates (LR 46-25) 


toBERT C. STELZLE, Cemenstone Corp., 
Pittsburgh, Pa., describes a method for 
determining the compressive strength of 
aggregates. 
The ACI Journats of April and May, 1949, carried articles* on light- 
weight aggregates. The method of determining the compressive strength 
*Price, Walter H. and Cordon, William A., “Tests of Lightweight-Aggregate Concrete Designed for 
Monolithic Construction,”” ACI Journat, Apr. 1949, Proc. V. 45, pp. 581-600. 


Kluge, Ralph W., Sparks, Morris M. and Tuma, Edward C., “Lightweight-Aggregate Concrete,’’ ACI 
JOURNAL, May 1949, Proc. V. 45, pp. 625-642. 
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of these aggregates is rather crude, and the results are indefinite. The 
method depended upon the compaction of the aggregate. The com- 
paction varied from one to three inches, with a great variation in results. 

It is true that by this method the weakest particles will be crushed 
first, and the progressively stronger particles will be crushed as the com- 
paction increases. However, the tendency to crush is minimized by the 
restraint of the cylinder. If the compaction is carried far enough, the 
results obtained will depend upon the ability of the testing apparatus to 
withstand the forces of the compression. Furthermore, there is no 
point in the compaction which can be taken as the workable compressive 
strength of the aggregate. 

A method used here to determine aggregate strength has been to make 
cylinders of varying strengths of cement paste and add the aggregate, 
always maintaining a workable mix. Then the cylinders are tested for 
compression. If the aggregate does not shear, the strength of the aggre- 
gate is greater than the compressive strength of the cylinder. When 
the aggregate does begin to shear, as the cylinder strengths increase, 
the compressive strength of the aggregate equals the compressive strength 
of the cylinder. 

This method has the advantage that the results can be read directly 
in terms of the compressive strength of the concrete in which the aggre- 
gate is used. It is true that also in this method the weakest particles 
will shear first, but the technician may select by visual observation the 
point which he considers most representative of the average shearing 
strength of the aggregate. 


Soil Pressure Under a Continuous Foundation Slab (LR 46-26) 


Watrer Hess, East Chicago, Ind., pre- 
sents a problem involving soil pressures 
with a continuous foundation slab. 


In a problem involving a continuous foundation slab, reasonably 
flexible, under three or more column loads of varying intensities, are soil 
pressures a straight line diagram depending upon the eccentricity of the 
resultant load? Inverted, this becomes a continuous beam with soil 
pressures as loads, and column loads as reactions, and normally, loads 
produce certain reactions through the distribution of moments and 
shears. Do soil pressures vary to the extent of producing reactions 
equal to the column loads? 
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Dry-Pack Grouting (LR 46-27) 


J. New Musrarp, Hydro-Elec- 
trie Power Commission of On- 
tario, Canada, describes dry- 
pack grouting. 

During the past year we have received several inquiries about dry- 
pack grouting and believe the brief description enclosed might be of 
interest. 

The Hydro-Electric Power Commission has used dry-pack grouting for 
twenty years with very satisfactory results. ‘“Dry-pack” means a 1:24 
mixture of cement and concrete sand, with just enough water added so 
that it will pack under pressure. The total amount of water added to the 
dry materials should not exceed 124 gal. per sack of cement.* Curing 
of dry-pack concrete is most important, so all exposed surfaces should 
be kept covered and moist for at least 10 days. 

It is standard practice to use dry-pack concrete under billet plates 
and under heavy machinery which requires accurate alignment. The 
large bases of frequency changers and condensers are always shimmed to 
the exact position and then dry packed to distribute the load. 

Dry-pack concrete is not affected by moisture and it is often used as 
a packing around the base of wooden power poles. 


*One Canadian bag of cement weighs 87% lb, one Imperial gal. weighs 10 lb. 














of Significant Contributions in Foreign and Domestic Publications 


Stresses in doubly reinforced beams 

A. FeLtpMAN, Concrete and Constructional Engineering, 

V. 44, No. 3, Mar. 1949, pp. 81-84 Reviewed by GLENN MurRpHY 
The feature of this article is a pair of charts designed to assist in determining the 

location of the neutral axis in a beam with or without compressive reinforcement. The 

charts are based on the standard theory. 


Air entrainment 


T. Her~mann, Beton-Teknik (Copenhagen), V. 15, No. 1, 1949, pp. 1-23. Reviewed by Ervinp HoGNnestap 


The article is based on a lecture given before the Danish Engineering Society. The 
author reviews the basic principles on which the functioning of air-entraining agents 
depends. The influences of entrained air on many physical properties of concrete are 
explained, and examples of practical applications are discussed. 


A continuously-sliding mould 

Concrete and Constructional Engineering, 

V. 44, No. 5, May 1949, pp. 159-160 Reviewed by GLENN Murpnuy 
This article describes a sliding form used in Sweden for the erection of cylindrical 

concrete structures, such as silos. The top of the steel form consists of a platform to 

which the concrete is hoisted for distribution into the structure. No scaffolding is 

required and the form is raised hydraulically. 


Reinforced concrete construction (Der Stahlbetonbau) 

C. Kersten, Part I, 18th Edition, Wilhelm Ernst & Sohn, 

Berlin, 1948, 271 pp. 11 DM plus postage Reviewed by Rupo.ru Fiscan 
This textbook for school and office, well-known in Germany, was first published 

12 years ago and has been brought up-to-date and enlarged in its 18th edition. A 

chapter dealing with precast reinforced concrete construction has been added. The 

easily understandable text gives numerous references for more detailed studies. 


Simplified statics (Statik leicht verstaendlich dargestellt) 

Ziiuicn-Stiec ter, Wilhelm Ernst & Sohn, Berlin, 1949, 

Part I—Graphie Statics, 16th Edition, 74 pp. 3 DM plus postage 

Part I1I—Larger Construction and Reinforced Concrete Construction, 

15th Edition, 91 pp. 3.40 DM plus postage Reviewed by Rupo.pn Fiscui 


These two volumes are part of a five-volume textbook which treats statics in such a 
way that no basic knowledge is required to understand it. The text is in accordance 
with the curriculum of technical high schools in Germany. 


*A part of copyrighted JouRNAL OF THE AMERICAN: Concrete INstirutrEe, V. 21, No. 1, Sept. 1949, 
Proceedings, V. 46. Address 7400 Second Boulevard, Detroit 2, Mich. 
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Cementing agents and admixtures for mortar and concrete 
(Binde-und Zusatzmittel fuer Moertel und Beton) 
B. Wepter, Wilhelm Ernst & Sohn, Berlin, 1949, 47 pp. 


1.80 DM plus postage Reviewed by Rupo.ps Fiscai 
This booklet is a collection of the German Industrial Standards dealing with cement, 
lime, gypsum and other agents and different admixtures. 


Prestressed concrete (Hormigon elastico precomprimido) 
Juan Garcia Batapo, Hormigon Elastico (Argentina), V. 1, No. 1, 


Nov. 1948 Reviewed by Francisco J. Corpova 

The author describes the development of the technique of prestressing concrete and 
enumerates its advantages. He is confident that prestressed concrete will be of great 
assistance to civil engineering and construction in Argentina. 


Constitucion storage tank project (Un anteproyecto del deposito Constitucion) 
RENATO LastTrRA, Hormigon Elastico (Argentina) V. 1, No. 1, 


Nov. 1948, pp. 28-30 Reviewed by Francisco J. Corpova 

The article describes the engineering features of a 70,000 cu m prestressed concrete 
water storage tank designed for the city of Buenos Aires, Argentina. The interior 
diameter is 83 m and the maximum height is 43 m. <A perspective drawing and two 
generalized plans are shown 


Reinforced concrete constiuction at new London stations 

Concrete and Constructional Engineering, V. 44, No. 4, Apr. 1949, 

pp. 121-125 Reviewed by GLENN Murpuy 
This is a progress report on the construction of stations on the westward expansion of 

the Central line of London Transport. One feature of the construction is a shallow 

reinforced concrete dome 44 ft in diameter. The 4-in. slab rests on 114-in. wood-wool 

slabs used as permanent forms. Platform roofs are described in some detail and several 

excellent photographs are included. 


Reconstruction of warehouse at Gladstone Dock, Liverpool 

Concrete and Constructional Engineering, V. 44, No. 5, May 1949, 

pp. 149-154 Reivewed by GLENN Murpuy 
The largest reinforced concrete warehouse at the Liverpool docks has been recon- 

structed following almost complete destruction during the war. The building consists 

of five sections each 300 ft long, 150 ft wide and three stories in height. The main 

beams have a 50-ft span and were cast in place, the reinforcing being assembled on the 

ground and hoisted into position as a unit. Secondary beams were precast. Construc- 

tion details are given and several excellent photographs of erection are included. 


Design of the ends of prestressed concrete beams 
G. MAGNEL, Concrete and Constructional Engineering, V. 44, No. 5, 
May 1949, pp. 141-148 Reviewed by GLENN Murpny 
The author presents a method of computing the tensile stresses in the ends of a pre- 
stressed concrete beam and states that the method represents an improvement on the 
approximate method published in his recent book Prestressed Concrete. 
The method is based on an assumed type of stress distribution and is illustrated for 
two examples for which direct comparisons with test results are available. The author 
states that the procedure is reasonable and safe, giving a factor of safety of two. 
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The rebuilding of Plougastel Bridge, France 
Concrete and Constructional Engineering, V. 44, No. 4, Apr. 1949, 


pp. 119-120 Reviewed by GLENN Murpuy 

At the time of its construction about 20 years ago, the Plougastel Bridge over the 
Elorn was the longest concrete arch bridge in the world, consisting of three arches 
each with a clear span of 590 ft 6 in. The structure was designed by Freyssinet and 
included a number of innovations. The north arch was demolished during the war 
and is now being reconstructed using essentially the same procedure that was employed 
in the original erection. Centering was floated into position on reinforced concrete 
pontoons. 


A 1,600,000 gallons prestressed concrete elevated tank in France 
Concrete and Constructional Engineering, V. 44, No. 3, 


Mar. 1949, pp. 95-100 Reviewed by GLENN Murpuy 

The structure described is 148 ft long, 108 ft wide, 161% ft deep, and is supported 
on 108 reinforced concrete columns. It is erected on the site of a demolished under- 
ground structure, the walls of which are used as footings for the 16-in. square external 
columns. Diagonal bracing is used between columns and a spherical hinge is used at the 
top of each column. The Freyssinet system of prestress used in the tank, and design 
details, as well as the construction features, are discussed. 


Electricity and concrete 
A. W. Hastert, New Zealand Engineering, V. 4, No. 3, Mar. 10, 1949, 


p. 185 Reviewed by C. P. Sress 

The results of investigations concerning the effects of electrolysis on reinforced con- 
crete are described briefly. Both the U. S. National Bureau of Standards tests and 
those made by the British Electrical and Allied Industries Research Assn. are dis- 
cussed. It is concluded that leakage of AC “‘does no harm to concrete under any reason- 
able conditions” and that in the case of DC with the reinforcing bar as the cathode 
the bond strength may actually be increased 


Buildings with thin-slab vault roofs at Belfast 
Concrete and Constructional Engineering, V. 44, No. 3, Mar. 1949, 


pp. 85-88 Reviewed by GLENN Murpuy 
The tobacco factory buildings described consist of a bond store 420 ft long by 80 ft 
wide, a leaf-sample room 160 ft long by 90 ft wide, and a canteen 90 ft long by 60 ft 
wide. Reinforced concrete construction is used throughout and the roofs are thin-slab 
vaults, containing precast panels of lights. The structures rest on 17-in. concrete piles 
cast in hammer-driven steel tubes. The use of a standard 35-ft radius for the roof 
vaults made possible the repeated use of forms. Details of construction are given. 


A non-destructive method of testing concrete during hardening 
R. Jones, Concrete and Constructional Engineering, V. 44, No. 4, 


Apr. 1949, pp. 127-129 Reviewed by GLENN Murpuy 

The method, developed at the Road Research Laboratory, consists in measuring the 
velocity of pressure waves through the concrete. Frequencies from 100 ke to 250 ke 
per see were used, and it is stated that final setting of the concrete is accompanied by a 
rapid increase in velocity. An increase in compressive strength is associated with an 
increase in velocity. Curves are shown for two mixtures. No indication of repeat- 
ability of observations or spread of data is given. 
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Overbalancing in residual-liquidation computations 

ALFRED 8. NILes, National Advisory Committee for Aeronautics, 

Technical Note No. 1457, Feb. 1949, pp. 1-80 ApPLIED MECHANICS REVIEWS 
May 1949 (Volterra) 

This paper is an application of Southwell’s relaxation method to statically indeter- 
minate structures. By developing methods for the systematic selection and use of group 
displacements, the liquidation of residuals is expedited. Thus the amount of labor 
needed to obtain the desired result can be greatly reduced in many practical cases. The 
application of the method is illustrated by numerical examples. 


The pressure distribution under bearing plates (Die Druckverteilung 

unter Lagerplatten) 

G. Hormann, Bauplanung und Bautechnik, Nov. 1948, V. 2, pp. 313-314 AppLIED MECHANICS REVIEWS 
May 1949 (Durelli) 

The author studies systematically by photoelastic means the distribution of stresses 
in semi-infinite plates compressed in their plane over a finite width of the free edge. 
The load is applied through blocks of varying heights and moduli of elasticity, and for 
each case the isochromatic lines are drawn. A table and diagrams give the best height- 
to-width ratio of the block to obtain the smallest stress concentration. The paper 
should be useful to foundation designers. 


The effect of transverse grate reinforcement in compressed concrete elements 

(L’effet du frettage en nappes transversales des constructiones en beton arme) 

Wactaw O1szak, Preliminary Publication, International Association of 

Bridge and Structural Engineering, 1948, pp. 247-266 AppLieD MECHANICS REVIEWS 
May 1949 (Durelli) 

This paper deals with theoretical considerations on the behavior of concrete columns 
reinforced with transverse steel grates. Formulas and diagrams are presented which 
give the increase in longitudinal loading capacity of the columns as a function of the 
properties of the concrete and steel and the percentage of transverse reinforcement. 
Comparisons are made with some previous tests and with concrete specifications. The 
advantage of this method of construction in relation to the more conventional spirally 
reinforced concrete has not been made apparent. 


Some simplifications in the numerical solution of Laplace's equation 
with special applications to photoelasticity 
M. M. Frocut, Proceedings, Society of Experimental Stress Analysis, 
V. 6, No. 1, 1948, pp. 39-43 AppLiep Mecuanics ReEvIEws 
June 1949 (Wingren 

This paper deals with certain improvements in the numerical solution of Laplace’s 
equation. A simple method, which the author calls the “Linear Rosette’? method, is 
proposed. With this method initial values may be determined rapidly. When these 
values are used as key values in a square, functions may be determined along complete 
sections. 

The paper refers to the author’s Photoelasticity, V. II, and most of the information 
in the paper is included in Chapter 8 of this recently published book 


Concrete as a protective barrier for gamma rays from radium 

Haroip O. Wyckorr and Rosert J. Kennepy, Journal of Research, 

National Bureau of Standards, V. 42, No. 5, May 1949 Reviewed by C. C. Fisupurn 
Several papers and handbooks have been published during the past 20 years dealing 

with barrier requirements for shielding against gamma radiation from radium. These 
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publications usually have suggested lead for the barriers because a large proportion of 
the applications required restricted space and ready transportability of the barrier and 
gamma-ray source. For high-energy X-ray installations, it often is more economical 
to use concrete barriers. It has been suggested that concrete might also be useful for 
shielding in gamma-ray installations if attenuation curves were available. The present 
paper presents this required information for radium. 


Arched beams in framed structures (Der gekrummte Balken als 

Teil von Rahmentragwerken) 

Giacinto TurRazza, Bautechnik, V. 25, No. 9, Sept. 1948, pp. 193-197 Apputiep Mecuanics Reviews 
May 1949 (Newell) 

This analysis of arched beams or girders in framed structures results in equations 
from which the end moments on columns and beams in single- or double-spaced frames 
may be computed. If tie rods are used between the ends of the arched members the 
loads in them may be obtained also. 

The development may be followed readily by one familiar with the slope-deflection 
relations and the method of elastic loads, and the resulting equations are less cumber- 
some than those commonly encountered in the analysis of such frames. Terms which 
differ for different types of loading are given for usual types of loading. Solutions for 
two examples are included, carried to the point of setting up the algebraic expressions. 
A third example is solved numerically, the effect of a uniformly distributed load being 
considered first, and that of a twenty-degree rise in temperature second. 


Pumice aggregate in New Mexico—lts uses and potentialities 
Donn M. CuiippIncer and WatrerR E. Gay, New Mexico Bureau of Mines 
Mineral Resources Bulletin No. 28, 1947, 56 pp. $1.00 Ceramic ABSTRACTS 
June 1949 

This bulletin describes and discusses the characteristics and uses of pumice, especially 
in construction. Data have been compiled from reliable sources concerning the suc- 
cessful uses of pumice aggregate and the physical properties of pumice products. Ex- 
periments also have been conducted using generally accepted particle distribution and 
concrete-mix designs. Graphs and charts comparing the physical properties of pumice 
with those of other building materials are presented. Special emphasis is placed on the 
importance of proper control in mining and grading operations to produce a satis- 
factory and marketable aggregate. Studies have been made of the economics of pumice 
concrete. The past and present production has been surveyed as an aid in predicting 
future demand. 25 figures, 21 references. 


Investigation of formation of cracks in reinforced concrete structures 
Grore Wastiunp and Per OLav Jonnson, Swedish Cement and 


Concrete Research Institute (Stockholm), Bulletin No. 13, 1948 

This bulletin adds new data to that reported in Bulletin No. 10 (See ACI Journat, 
Sept. 1948, pp. 93-95), particularly the preliminary results of tests of T-beams under 
negative moments which showed that the width of crack is reduced when reinforcing 
bars are properly distributed across the whole flange of the beam. The results of tests 
of specimens subjected to positive moments are summarized as follows: 

“Width of cracks increases almost linearly with the diameter of reinforcement bars; 
width of cracks becomes slightly smaller as the ‘ratio of reinforcement increases; the use 
of deformed lug and helical bars, as compared with plain bars, reduced the width of 
cracks, assuming the diameters of reinforcerhent bars and the stresses set up in the 
reinforcement to be the same; and the compressive cube strength of concrete does not 
exert any notable influence on the width of cracks.”’ 
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Determination of the permeability of hardened cements and concretes to water 
L. N. Korzuvuxk, Zavadskaya Lab., V. 14, No. 6, 1948, pp. 714-19 Ceramic ABSTRACTS 
July 1949 

The method was designed primarily for field tests; the results are expressed as co- 
efficient of filtration. Metal tubes of 8-mm inside diameter are set in 7.07 x 7.07 x 7.07 
or 20 x 20 x 20 cm cubes for at least 2 days and then kept in water for 26 days. The 
cubes are then kept in air for 2 days and dried to constant weight. The tubes are filled 
with water and connected to a high pressure system. A pressure of 10 to 15 atm is 
applied, and the time at which wet spots are formed on the surface of the cubes is re- 
corded. Pressure is applied for 12 hours if wet spots are not observed. The system is 
then disconnected, the water is poured out of the tubes, the tubes are broken in half, 
and the diameter of the sphere of the water distribution is measured. If readings of 
three cubes differ by more than 10 percent, they are discarded. The coefficient of 
filtration, k, is calculated from k = (a* —d*) (a — d)/12adpt, where a is the diameter 
of the sphere of the water distribution, d is the diameter of the tube, p is the pressure, 
and ¢ is the time. Curves for making the calculations directly are also given. Sample 
calculations are made. 


Evaluation of soundproofing of cement floor tiles (Schalltechnische 
Bewertung zementgebundener Fussbodenbelaege) 
W. PIepPenst RG and H. Branpt, Betonstein Zeitung (Wiesbaden), 1949, 


No. 4, pp. 60-63 Reviewed by Rupo.pnu Fiscari 

Based on numerous research works, basic recommendations for soundproofing in 
building construction have been published, but there still are unsolved problems. The 
physical conditions of transmitting and conducting sound are not at all explored. They 
do not follow elementary principles as do thermal conditions. 

Tests with commercial cement floor tiles, built in two layers, the lower one of light- 
weight material with fair thermal properties, were made in the Laboratory for Testing 
Material at the Technical University in Braunschweig. The results are summarized 
as follows: 

Soundproofing against transmission through air depends mainly upon the vibrations 
of the monolithic floor construction; that is, from the dead load per unit area. 

Soundproofing against the noise of steps, moving furniture on the floor, ete. is highly 
dependent upon the configuration of the floor cover. Soundproofing can be improved 
by placing an intermediate elastic insulation. 

The floor tile finish must be completely isolated from the structural floor and walls. 

Insulation must be elastic with internal strength, with low absorption of moisture 
and should have a low thermal coefficient to serve also as a thermal insulation. 


The Claerwen Dam 
Concrete and Constructional Engineering, V. 44, No. 3, Mar. 1949, 
pp. 73-80 Reviewed by GLENN Murpuy 

Construction has: begun on what will be the largest concrete dam in Great Britain. 
The structure, across the valley of Afon Claerwen in central Wales, will form a lake 
four miles long with a storage capacity of 10,800 million gallons. The gravity section, 
which will contain about 400,000 cu yd of concrete is to be 1066 ft long, 224 ft high, and 
180 ft wide at the base. The section is curved with a 2000-ft radius. 

The structure is to be composed of 23 radial blocks, cast alternately, and separated 
by continuous copper strips. The lower part of the upstream face is to be brick lined 
and the remainder of the exposed surfaces covered with square rock-faced gritstone. 
The structure was designed to keep the thrust within the middle quarter of the base. 
Vertical pipes are embedded in the dam to relieve seepage pressure. 
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A 1:7 concrete using aggregate up to 6 in. is to be used in most of the structure. The 
coarse aggregate is brought from a quarry four miles away and a siliceous sand will be 
shipped to the site if necessary. A low-heat portland cement manufactured in Wales 
is used. Concrete from the 3-cu yd mixer is placed by means of a skip. The esti- 
mated cost is 6 million dollars. Details of the batching plant are described. 


Prestressed concrete storage tanks in the United States (Despositos 
hechos en hormigon pretensado en E.E. U.U.) 
M. R. Ros, Hormigon Elastico (Argentina), V. 1, No. 1, Nov. 1948 Reviewed by Francisco J. Corpova 


In the United States the construction of prestressed concrete beams has not been as 
readily accepted as in Europe. Roy W. Carlson and K. P. Billner have developed a 
thermo-electric method of prestressing concrete. It consists of precoating the rein- 
forcement with a sulphur mixture. Once the concrete is placed and set, the reinforce- 
ment is thermo-electrically elongated. However, by this method an insufficient stretch- 
ing of the reinforcement is attained. Similar experiences by Ruml and others met 
with failure. 

In the United States the greatest application of prestressed concrete has been in the 
construction of conduits and storage tanks. The method used for prestressing is similar 
to that of Vianini. 

The prestressing method used by the Preload Corp. of New York is also discussed in 
this article. The major construction features of a storage tank built in Miami, Fla., 
are shown. 

A comparative table shows the economics of prestressed concrete versus reinforced 
concrete. 


Reinforcing of precast concrete joists with welded wire fabrics 
(BStg-Fertigbewehrung fuer Fertig-Betonbalken) 


Ernst, Betonstein Zeitung (Wiesbaden), 1949, No. 3, pp. 35-41 Reviewed by Rupotpn Fiscui 


Reinforcement with welded wire fabrics is applied to floor joists as described by the 
German Industrial Standards (DIN-Norm-Decke H1 and H4), but can be used for 
similar sections. 

The standard floor system consists of concrete joists of reversed T-beam shape with 
concrete tile fillers. The longitudinal reinforcement in the joists is formed by one or 
two layers of welded wire fabric, the diameter of the longitudinal bars ranging from 4.2 
mm to 12 mm with 4 bars at a spacing of 30 mm and transversal wire of 4.2 mm to 7 mm 
at a spacing of 300 mm. The web reinforcement is built of two wire fabrics with stirrups 
of 4.2 mm or 5 mm at spacings of 150 mm and 300 mm, respectively, connected by two 
3 mm diameter longitudinal bars. 

According to the German Specifications the allowable steel stress for this type of 
reinforcement is 28,440 psi. 

Technical details for cutting and placing the wire fabric, design methods, tables for 
economical design at minimum weight of reinforeement and examples are given. 


What kind of information does brittle coating give? 
A. J. Dureut, Production Engineering, V. 19, June 1948 AppLiep Mecnanics Reviews 
June 1949 (Boiten) 
This article presents an analysis of the crack patterns of brittle coating (‘‘Stress- 
coat’’) with the purpose of permitting a more accurate calculation of the stresses occurr- 
ing. The information given by Stresscoat consists in the directions of principal stresses 
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(isostatics or stress trajectories) and in the isoentatics, or lines along which the principal 
strains are the same. The paper is based on the assumption that the elastic character- 
istic defining the failure of Stresscoat is the maximum tensile strain, although the 
author points out some exceptions to this law. By applying Mesnager’s theorem and 
the more general Lamé-Maxwell equations several rules are given for determining the 
signs and the relative magnitudes of the stresses. Various zones of isostatic pattern 
may be distinguished. For each zone a method is presented for estimating the two 
principal strains e and e, in plane stress, with the maximum value of the error. 

The second part of the article deals with an example of the method, applied to the 
distribution of stresses in a ring under diametral compression. The results compare 
very satisfactorily with those obtained by photoelastic methods. A number of practical 
hints and suggestions may be useful to other workers with brittle lacquer methods. 


The optical equations of three-dimensional photoelasticity 


RaymMonp D. MINDLIN AND LAWRENCE FE 
Applied Physics, V. 20, Jan. 1949, pp. 89. 





= 


. GoopMAN, Journal of 
-95 AppLiep MEcHANICS REVIEWS 
May 1949 (Drucker) 

In this paper Maxwell’s electromagnetic equations are applied to two- and three- 
dimensional photoelasticity, and the results are compared with Neumann’s equations. 
It is shown that the customary kinematic analysis of the propagation of light through 
two-dimensional models is exact only for homogeneous stress. The nature and mag- 
nitude of the terms which result from variation of stress in the plane of the model are 
investigated first, and the error in neglecting these terms is demonstrated to be negligible. 

Ignoring them simplifies the subsequent study of wave propagation through a truly 
three-dimensional model. Here, as in the two-dimensional case, the order of the diff- 
erential equations for the components of the magnetic vector is reduced by considering 
only forward traveling waves. However, it is now necessary to neglect a term involving 
the product of the rate of rotation of secondary principal axes along the wave normal 
and the relative retardation per unit length. 

The two simultaneous first-order differential equations for the components of the 
magnetic vector along the secondary principal axes are much easier to handle than 
Neumann’s equations. Reduction to canonical form shows that the ratio of the rate of 
rotation to the retardation per unit length along the wave normal in the absence of 
rotation is ‘the controlling variable. 


A new method of calculation for hydraulic structures of lightly reinforced concrete 

P. P. Loupman, Civil Engineering (London), V. 44, Jan. 1949, 

pp. 34-36 AppLIED MEcHANICS REVIEWS 
May 1949 (Johnson) 

This article is an abridged translation of a paper in the August 1947 issue of the 
Russian journal, Gidrotekhnicheskoye Stroitelstvo. The claim is made that more than 
half of all hydraulic structures are built of lightly reinforced concrete, because there is 
p weight saving in comparison with structures of mass concrete, and because there is an 
avoidance of hair cracks in comparison with heavily. reinforced concrete under limiting 
tensile loads. 

The existing standard specifications require that lightly reinforced concrete satisfy 
the same factors of safety for the formation of cracks and for ultimate strength as mass 
concrete; this leads, in effect, to a doubling of the factors of safety. The author proposes 
(plotting curves for illustration) that only at the mass concrete extreme should the 
safety factors with less and less reinforcing material match those for no reinforcement, 
and that only at the other extreme should the safety factors match those in the standard 
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specifications for regular reinforced concrete. The problem, of course, is to determine 
the intermediate safety factors. 

The subject of lightly reinforced concrete will be fully described in the author’s 
book now being prepared for printing; this article gives only fundamental data. 


Elasticity beyond the elastic limit 


M. Rerer, American Journal of Mathematics, Apr. 1948, 
V. 70, pp. 433-446 





AppPLieD MECHANICS REVIEWS 
May 1949 (Allen) 

The author begins by distinguishing between ‘‘deformation” and “strain’’ denoting 
by strain that part of a deformation which is recovered when all external forces are 
removed; however, his work applied equally to those cases when the so-defined strain 
and deformation are identical. On the assumption that there is a one-to-one relation 
between the stress tensor and the strain tensor it is shown that this relation can be 
expressed in forms 
T°, = (Fal. + Fo Il, os Fos III.) 5, + F, e, + 2€a® Cp = 
ee, = (Po, Ir + Pe Ilr + Dos IIIr) 5, + ®, T*, + ®, T «* Y 
where /,, I7,., IJ 1,, are invariants of the strain tensor, J7, I]7, III 7, are invariants of the 
stress tensor, the F’s are functions of the strain invariants and the ®’s are functions of 
the stress invariants. 





The above relations are independent of any particular measure of strain, and the 
author chooses the Hencky (or logarithmic) measure in expanding his theory. By con- 
sidering certain special types of stress field the F’s are given meanings as generalized 
moduli of elasticity and the #’s as generalized coefficients of elasticity. The reviewer 
finds some difficulty in appreciating the worth of these moduli and coefficients since 
neither Fo, Fo. and Fo3 nor 9, ®o2, and &o3 appear to be uniquely defined. 


Concrete mixers and the homogenity of concrete (L'Homogeneite 
du beton et les betonnieres) 
M. ALBERT Jo1seL, Annales de L’Institut Technique du Batiment 


et des Travaux Publics (Paris), No. 69, Mar.-Apr. 1949, 32 pp. AvuTHorR’s SUMMARY 

Research on concrete mixers has not up till now been exploited as it should have 
been, as no theory has emerged which might establish principles for their use. Mixing 
is effected by the displacement of materials in a drum. It follows that the drums of 
mixers are circular and that mixing takes place during rotation. The displacement of 
materials is hindered by friction and particularly by viscous friction. Thus it is evident 
that mixing is facilitated by increasing the proportion of water, which decreases the 
viscosity. Gravity hinders such displacements as are perpendicular to it, and for this 
reason horizontal directions are advantageous. 

The rotation of the drum or paddles causes the materials to move in planes which 
are perpendicular to the axis of rotation. This is why displacements in directions 
parallel to the axis are the most difficult. The criterion of efficiency of mixers is there- 
fore the ease and speed of displacement of materials in directions parallel to the axis 
of rotation. Mixers with vertical axes (where the dimensions parallel to the axis are 
negligible) insure the greatest homogeneity. Concrete mixers with horizontal axes 
are more efficient than those with inclined axes. 

Apart from materials and placing, the quality of concrete depends on the following 
in descending order of importance: proportion of cement, proportion of water, grading 
of aggregate. The constancy of the proportion of cement will therefore probably be 
the prime factor in the homogeneity of concrete. 
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Considerations on the principles of concrete proportioning (Nogle principielle 
betragtninger Vedr. fremgangsmaade og raekkefolge ved betonproportionering) 

Nrets M. Pium, Bygningsingerioren (Copenhagen), 

No. 4, 1945 Reviewed by Detmar L. BLoem and STANTON WALKER 

The author’s summary in English is too long to present in full and is not always easy 
to understand—a circumstance which would undoubtedly be improved if these re- 
viewers could read the original Danish. Plum says that the proportioning of concrete 
involves the choice of definite values for: (1) cement content, (2) water content, (3) 
grading and shape of solids, (4) maximum size of aggregate, and (5) density and con- 
sistency of concrete. 

He then summarizes (in the original) what appears to be the choice of various auth- 
orities as to sequence of determining these characteristics and says that it appears 
that the following order is preferred: (1) cement voids or void-cement ratio, (2) maxi- 
mum size of aggregate, (3) density and/or consistency of concrete, (4) water content, 
(5) grading of solids (and their shape) and (6) cement content. 

He proceeds to discuss these several factors and suggests that density, rather than 
consistency, be used as the criterion of workability. Based on discussions along these 
lines, he concludes that the preferred sequence of importance of factors affecting the 
proportioning of concrete are: (1) choice of compacting method, (2) maximum aggre- 
gate size, (3) concrete density, (4) estimation of the optimum combined grading, (5) 
estimation of consistency corresponding to choice of density, followed by several others. 
He follows with a brief discussion of each of these factors. : 


Acceleration of set and hardening of cements by heat (Acceleration 
de la prise et du durcissement des liants hydrauliques par la chaleur) 

Jacques Brocarp, Annales de l'Institut Technique du Batiment et des Travaux 
Publics, No. 54, New Series, Liants Hydrauliques, No. 4, Dec. 1948 AUTHOR’s SUMMARY 

The main object of this investigation was to study the behavior of the principal 
cements on the French market during setting at temperatures above the normal to 
obviate mistakes in use on the part of contractors. 

The first part of the investigation concerns the effect of temperature on the speed of 
setting and shows that the raising of temperature considerably shortens the setting 
time, both initially and finally. 

Quick-setting cements, however, and particularly high-alumina cements and cements 
with high sulfate content were abnormal in behavior. Tests for hardening confirmed 
the conclusions drawn from the setting tests by showing that these cements had to be 
discounted for this type of work. They also showed that heating by electric resistance 
gave good results, but the cost of this method seemed too high. 

Heating in water gave uneven results, especially for slag cements. 

Heating in an autoclave gives interesting results, as much higher strengths can be 
obtained than in normal conditions of temperature and pressure. If the aggregate 
contains very fine siliceous elements, the strength is still further increased by a silico- 
calcareous effect. 

* The most convenient and economical method of hardening seems to be in saturated 
vapor at 80 C. The chief drawback of heating methods is the appearance of blisters on 
the cements. Luckily this anomaly can be avoided by preventing condensation forming 
on the surface of the test pieces. 


Concrete in hydraulic structures (Betong i vannbygging) 
Ince Lys, Betong (Stockholm), V. 34, No. 1, 1949, pp. 1-14 teviewed by Ervinp HoGNestap 


This paper discusses the various modes of deterioration in concrete structures ex- 
posed to weathering. The main emphasis is given to damages caused by volume changes 
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and the disintegration due to freezing and thawing. The author believes that concrete 
exposed to sea as well as fresh water in Scandinavia is primarily deteriorated by re- 
peated freezing and thawing. Possible chemical attacks generally are of secondary 
importance. 

Results of recent researches on concrete durability are given, and the author sum- 
marizes his views regarding the principles on which a successful use of concrete in 
hydraulic structures should be based: concrete for exposed structures must consist 
of first class cement and aggregates, and must be so designed as to provide the nec- 
essary strength and impermeability. The workability of the concrete must be suitable 
for the method of placing to eliminate honeycombing and other irregularities. All 
reinforcement should be well covered with concrete. Air entrainment will increase the 
placeability and reduce the danger of separation. An air content of 3 to 6 percent 
is recommended. 

Each concrete pouring should be limited to avoid excessive temperature rise. Con- 
struction joints should be treated to secure a good bond between the old and new con- 
crete. The curing of the concrete is very important. Concrete poured in the spring 
and cured all summer will show considerably greater durability then the same con- 
crete poured in late summer or fall. It is recommended that the concrete be allowed to 
harden for 12 hours before moisture for curing is provided. From then on moist curing 
should continue as long as possible. 


On the strength of concrete pile tips 
Nits Enastrrom, Betong (Stockholm), V. 34, No. 1, 1949, pp. 30-49 Reviewed by Etvinp HoGNestap 


Concrete piles usually are manufactured with tips consisting of a 120° pyramid 
covered with 2 mm steel plate. When piles are driven to rock, however, the piles 
often are equipped with a tip consisting of a steel rod welded to a plane plate 20 to 30 
mm thick. When piles of these types are driven against rock or boulders, the pile 
tips often are damaged, while the pile itself remains sound. To investigate the strength 
of pile tips under these conditions, theoretical studies and laboratory tests were carried 
out. 

The theoretical investigation shows that the failure under centric load is preceded 
by a splitting due to horizontal tensile stresses just above the pile point. Under eccen- 
tric loads, the failure occurs by local shearing. 

The laboratory tests were performed on 25 by 25 cm square piles 1 m long. The 
specimens were made with tips at both ends. A total number of 60 specimens were 
tested involving 13 types of pile tips. In 21 of these tests, centric loads were applied 
while the remaining 39 tests were made with eccentric loads inclined 1:5 to the longi- 
tudinal axis. 

The findings of the theoretical studies were confirmed by the tests. It was found 
that a considerable inerease in strength of the pile tips under eccentric loads could be 
obtained if the pile end is made plane and furnished with a sheet steel pile shoe in the 
form of a box or mantle enclosing the tip. 


Prestressed concrete (Hormigon elastico precomprimodo) 

ZoristAv FRANsETIC, Hormigon Elastico (Argentina), V. 1, 

No. 1, Nov. 1948, pp. 18-26 Reviewed by Francisco J. Corpova 
Franjetic describes several methods, including his own “Zofra’” system, for pre- 

stressing concrete. The design of the prestressed units is based on the theory of equilib- 

rium of the minimum stresses and on the laws of Hook and Bernoulli-Navier. 
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All prestressed concrete construction by the Zofra system uses steel wires 1 to 2m 
in diameter prestressed to 50 percent of its breaking strength. Steel is saved inasmuch 
as the neutral axis of the prestressed reinforcement can be displaced by lowering it to a 
minimum, thus increasing the useful height of the member. 

The making of a beam by this method is based on the principle of an arch under 
tension. This is attained by loading the concrete by compression and the steel by 
tension, with the total elimination of oblique stresses. 

A beam is fabricated in two steps. First the lower part is made of prestressed con- 
crete under tensional stress. In the second step, the upper part is made of plain concrete 
placed on the already set lower part. In the middle of the beam, between the parts 
under tensile and compressive stresses, a hollow span is made in the shape of an arch. 
Equilibrium is thus attained with the elimination of the upward bending of the beam 
under no load. In this form, the weight of the beam is reduced, increasing the bearing 
capacity and therefore a better use of the materials. 





All prestressing operations by the Zofra system are conducted in an autoclave in 
which the free space is filled with water. In this way, the setting of the member takes 


place under water. 


Symposium on hollow concrete masonry units 
Cement och Betong (Malm6), V. 24, No. 1, 1949, pp. 10-50 Reviewed by Ervinp HoGNestap 
Standardizing of hollow concrete masonry units 
O. STUREN 

Various viewpoints regarding the standardization of qualities and dimensions of 
hollow masonry units are presented. Several alternatives of length and width of units 
are discussed as well as special shapes like corner units, etc. 


M is of the heat-insulation capacity of hollow concrete masonry units 
P. JoneELL 





The article reviews an investigation carried out by Granholm regarding heat insula- 
tion of hollow masonry units. An “electrical analogy” is used in a study of the influence 
of the shape and dimensions of the cells or holes in the units. This analogy provides a 
simple method of comparing the heat transmission in various types of units. 

The heat-insulation of hollow concrete masonry units 
K, HELLBERG 

The various factors influencing the heat transmission in a wall built up of hollow 

masonry units are discussed. A suggestion for a standard type of unit is presented. 


t 


Aggregate gradation for of hollow concrete masonry units 





Suitable gradations for the manufacture of hollow concrete masonry units are dis- 
cussed. Some advice and directions are given. 
Structural details for walls of hollow concrete masonty units 

Structural details are receiving increasing interest since hollow units are used more 
and more as outer walls in homes. Structural details from basement to roof are dis- 
cussed. 


Bond between concrete and metal (Liaison du beton et du metal) 

L. P. Brice, Annales De L’Institut Technique Du Batiment Et Des 

Travaux Publics (Paris), New Series, No. 72, May 1949, 20 pp. AvuTuor’s SUMMARY 
This report describes investigations into the conditions of bond existing between 

metal reififorcement and concrete. 
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It deals first gvitb: the theory of the conditions for bond between concrete and the 
metal, and threé hypothetical modes of behavior are envisaged: (1) an elastic bond, 
where deformations are reversible and in direct proportion to displacements, (2) fric- 
tional bond, where the stresses are constant in the opposite direction to displacements. 
The deformatiors are not reversible and (3) bond by means of successive anchorages, 
giving rise to a seversible phenomenon. 

The second part is a report of experiments which were undertaken to determine the 
distribution of stresses along a reinforcing bar embedded in the concrete. For the 
experiments a steel tube was used, with strain gages with resistant wires fixed inside 
it at regular intervals. The gages measured the stresses in the steel in relation to the 
tension exerted across the gages. The result of the test shows that the nature of the 
phenomena causing the bond depends on the amount of displacement of the bar. 

The elastic phenomenon applies for very small displacements and friction in larger 
displacements, and this seems to give way to bond by anchorages when alternating 
displacements have reduced the value of the frictional bond. 

In the third part tests are described with a reinforced concrete beam in use under 
normal loads, and results confirmed that, in normal loading conditions, stressed con- 
crete plays an important part in reducing tension in reinforcement. The position of 
the neutral axis in concrete is the same as that determined by ordinary calculations, but 
it appears that the deformations of the metal correspond to another position of the 
neutral axis which is close to the center of gravity of the total section, 7.e., without 
taking into account cracks in tension. 


Effects of carbon dioxide on hydrated cement and concrete 
S. L. Meyers, Rock Products, V. 52, No. 1, Jan. 1949, p. 96 teviewed by T. M. Ketry 


Considerable quantities of calcium hydroxide exist in cured concrete and concrete 
exposed to the air will slowly carbonate. Carbonation proceeds more rapidly in dry 
concrete, since the presence of water hinders the penetration of the carbon dioxide. 
Tests were made comparing the effect of carbon dioxide storage and carbon dioxide- 
free storage on the strength of specimens, and chemical tests were made to determine 
the extent of carbonation. The carbonated test pieces attained considerably higher 
strengths than these stored in carbon dioxide-free air. The percentage of CO, found 
in the center of these specimens (the least carbonated portion) was equivalent to more 
than twice the calcium hydroxide which cement can split off during complete hydration. 
The author concludes, therefore, that the carbon dioxide did break up one or more of 
the calcium compounds in the hydrated cement, other than the calcium hydroxide, 
and combined with the calcium of the compounds broken up. Additional carbonation 
tests were made on individual samples of the four principal cement compounds. Their 
rate of carbonation followed, somewhat, their rate of hydration. Probable reactions 
were presented showing the reaction products to be calcium carbonate and either 
hydrous silica, hydrous alumina or hydrous iron. The hydrous silica is soluble in a 
solution of sodium or potassium hydroxide and the possibility of its contributing to the 
expansive alkali-aggregate reaction is suggested. Tests of mortar briquettes showed 
that pore space was reduced by carbonation. It was also demonstrated by tests of 
mortar bars that the volume change of carbonated bars was only 30 to 40 percent of the 
volume change of uncarbonated bars, when both were subjected to the same condition 
of wet and dry storage. This was attributed to the replacement of some of the gel by 
calcium carbonate. The author suggests that concrete products manufacturers might 
utilize carbonation, after an initial hydration period, to reduce volume change, and to 
improve the strength, hardness and impermeability of their products. 
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A new approach fo the study of concrete 
Natuan C. Rocxwoop, Rock Products, V. 52, No. 5, May 1949, p. 69 Reviewed by T. M. Ketiy 


This is a thought-provoking article and, as the title indicates, proposes to cement 
and concrete researchers many new and to some extent heretical ideas. The clastic 
rocks produced by nature are suggested as a likely source of clues to the solution of 
concrete problems, particularly as regards cements. The author cites the preponder- 
ance of oxygen and silicon in the earth’s lithosphere and the role of colloidal silica as a 
bonding material, inferring therefrom that a deficiency of reactive silica is perhaps 
one reason for the lack of permanency of present-day concrete. The evolution of 
hydraulic cements and the greater durability of some of the earlier cements are dis- 
cussed, the latter being attributed to a better balance between the basic and acid com- 
pounds in the hydrated product. Evidence is referred to which indicates silica gel to 
be the most important end product of hardened hydrated cement. The inference then 
is drawn that for permanent’ concrete all voids should be kept filled with silica 
gel which ultimately attains a condition similar to chert, and which after a long time 
under certain conditions could become quartz. Based on this premise, a slowly hy- 
drating, more coarsely ground, lower limed cement is considered best. It is suggested 
also that, since heat accelerates these phenomena, maximum heat of hydration would 
be desirable in the concrete in massive dams where a reaction silica or pozzolan is used. 
The shrinkage and cracking problem thus introduced is not discussed. It is suggested 
that the explanation of the alkali-aggregate problem may be found in soils chemistry, 
particularly from studies of base exchange phenomena. In regard to aggregates the 
author states that no aggregates are inert and attention should be directed toward 
making beneficial use of their reactions with cement. The interesting idea is proposed 
that, since alkali hydroxides are very effective in activating silica, a little of the hydrox- 
ides together with active silica, both well distributed in a portland cement, might make 
ideal cementing material. 


Plain concrete footings 
C. M. Croster, Kansas Engineer, Jan. 1949 Reviewed by FRANK KEREKES 


Tests conducted by Crosier and McNown on small scale models of 22 wall and 22 
column footings of plain concrete are described. Seventeen of the column footings were 
24 in. square and the remaining 5 were 18 in. square at the base. The wall footings were 
24 in. wide at the base and about 6 in. paral'el to the wall. Both the wall and column 
footings were constructed in 3 equal steps with fillets at each set-back, except models 
A5 and A6. The footings were supported on about 2 in. of soft clay held in place by a 
wood frame of an appropriate depth to confine the soil. The author states that these 
footings were designed as true models and, therefore, their behavior under load should 
simulate the mechanical behavior of the practical sized prototypes. 


These tests lead the author to conclude: (1) the critical stress is direct tension, 
P ss —— oe 
(2) this critical stress may be calculated by the accepted flexure equation f = - T for 


cantilever beams, (3) the critical section of wall footings may be taken at the face of 
the wall, (4) the critical section for column footings may be taken at one-seventh of 
the width of the column inside the face of the column, and (5) a plain footing of high 
strength concrete with a riser-tread ratio of 1:1 will develop as high ultimate strength 
as a normally designed reinforced footing made of the same concrete. 

Some practical design suggestions are: (1) constant ratio of riser to tread, (2) num- 
ber of steps to use depends upon the economy desired, 3 steps are probably the practical 
maximum, (3) use high strength concrete for economy, (4) an allowable tensile stress 
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of 0.045 f’., less 0.005 f’. for each increment of 1000 psi in f’. of 3000 psi, and (5) the 
author does not recommend exceeding the current code specification of 0.03 f’., until 
further tests are made on larger footings, consisting of various aggregates and including 
sustained loadings. 

The tests are well described and illustrated and the test data are carefully discussed 
and interpreted. 
Gas concrete, foam concrete and lightweight lime concrete 


(Gasbeton, Schaumbeton, Leichtkalkbeton) 
Orro Grar, Konrad Wittwer (Stuttgart), 1949, 76 pp. Reviewed by Rupoups Fiscui 

This booklet summarizes test results and experiences with three different kinds of 
lightweight concretes used as building materials in form of bricks and boards. The 
tests were started in 1940 at the Technical University of Stuttgart and partially re- 
ported in 1943 and 1944. 

Three kinds of lightweight concrete have been tested: 

1. Gas concrete, consisting of cement mortar with an admixture of any gas-producing 
matter which causes swelling of the concrete. The compressive strength is 30 to 40 
kg per sq cm for a weight of 0.7 to 0.8 kg per cu dm. 

2. Foam concrete where chemicals are used which produce foam during the mixing 
process, thus binding air bubbles to the mixture which loosen the concrete. Strength 
and weight are approximately the same as in gas concrete, 

3. Lightweight lime concrete composed of ground silicic raw materials and ground 
lime, mixed with or without swelling compounds and cured under steam pressure. This 
concrete has much higher strength for the same weights than the gas concrete. The 
average compressive strength is 60 kg per sq cm for a weight of 0.7 kg per cu dm. 

It is especially mentioned that the industrial production of lightweight lime con- 
crete and gas concrete has its highest development in Sweden with a calculated capacity 
of 300,000 cu m each of lime concrete and gas concrete. 

The reported tests cover a wide range, including influence of sizes of the test specimen, 
difference between weights and compressive strength, flexural strength, percentage of 
humidity, water absorption and expulsion, shrinkage, elasticity, thermal coefficient, 
sound insulation, resistance to freezing and thawing, hardening in air and under steam 
pressure, use as building material (bricks, boards) and many more. 

Lightweight lime concrete rates first among the building materials suitable for bear- 
ing walls in buildings with several stories and for partitions, having a high insulation 
value. 

The test results are carefully presented and supported by numerous graphs and 
tables, thus giving an excellent picture of the properties of the above mentioned ma- 
terials. 


eae cement to prevent cracking in hydraulic concrete structures 
(Specialcement mot sprickbildning i vattenbyggnads-betong) 
Bertit Loreuist, Betong (Stockholm), V. 34, No. 1, 1949, pp. 15-25 Reviewed by E1rvinp Hocnestap 
An investigation carried out by the Swedish State Power Board indicates that the 
use of low-heat cement is particularly advantageous in structures of medium thickness, 
i.e., With a thickness from one to a few meters. 
The temperature rise is computed for various slabs ranging in thickness from 0 to 8 m 
s of known heat evolution of the cements 





by means of difference-equations on the bas 
and assumed adiabatic boundary conditions. Normal portland as well as low-heat 
cements are considered. 

Results of tests are then briefly presented, where specimens were subjected to the 
same temperature changes as those existing at the center of a 2-in. thick slab. Changes 
in length were measured under moisture conditions simulating those in the slab. The 
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maximum extension, which was obtained after about 4 days, was about 0.00046 and 
0.00028 in. per in. for normal portland and low-heat cement respectively. A permanent 
extension of 0.00020 and 0.00014 in. per in., respectively, were present after the tem- 
perature returned to the original level. 

A theory of the cause of through-temperature cracks is presented. If specimens as 
mentioned above are restrained while subjected to a temperature cycle, compression 
stresses will result during the expansion. The strains caused by such compression 
(strains equal and opposite the temperature expansion) are partly elastic, but mainly 
plastic. Thus tension will occur during the following drop in temperature. This theory, 
and the quantitative values involved are verified by test results. It is concluded that 
the tensile strain in the concrete after cooling will be approximately one half of the 
strain caused by the maximum temperature. Whenever this tensile strain exceeds 
the ultimate strain of the concrete, cracks will result. 

Comparing normal and low-heat cement, it is found that the latter reduces the risk 
of cracking by at least 30 percent. The practical experiences of the State Power Board 
are in accord with this, even though a comparison between various structures generally 
is difficult. 

The strength of concrete and its determination (La resistance du beton et sa mesure) 

R. L’Hermire, Annales de L’ Institut Technique du Batiment et des 

Travaux Publics (Paris), New Series, No. 62, Concrete and Reinforced Concrete, 

No. 5, Feb. 1949 AvuTHOR’s SUMMARY 

The author examines the different tests which have been carried out on concrete to 
see to what extent the results obtained agree with the facts, or, in other words, what is 
the effect of the factors of placing, curing of test specimens, and test apparatus on the 
figures obtained. For this purpose he chiefly uses the statistical results of the com- 
pression tests and investigations undertaken in the Building and Public Works Labora- 
tory. 

Statistics show that, while cements today are on the whole inferior to pre-war cements 
(in the relation 0.9), they increase in strength more rapidly in the first few days (greater 
strength at 7 days); but it could not be said that there is a reduction in strength in the 
concrete between 7 and 28 days or between 28 and 90 days. Such reductions are due 
entirely to the wide dispersion of results, which is itself due to all the factors envisaged 
above, and probably they only appear to be more frequent than before the war because 
the strength curve of concrete is now more angular and more rapidly approaches the 
horizontal. 

The author relies on chemical analysis to show that one cannot count on the amount 
of cement indicated, as cement is not distributed evenly in a beam. He recommends a 
simple apparatus for immediate analysis of fresh concrete, proposes a rational revision of 
traditional methods of curing cubes and draws attention to a crushing apparatus with 
self-aligning surfaces, which will soon be used for all test cubes. in the Building Lab- 
oratories. 

Lastly he describes a frequency apparatus for measuring the modulus of elasticity 
of concrete test specimens, which registers the modulus with great precision without 
the application of load. 

This report is followed by a statistical investigation of tests on concrete carried out 
by the Bureau Securitas during 1947 and 1948. The investigation reveals a general 
reduction of breaking strength particularly during the second half of both years, greater 
sensitiveness of the mortar nowadays to excessive quantities of water and modified 
conditions of concrete hardening. However, the mediocrity of the results cannot be 
explained by the deficiency of cements, and in most cases such a deficiency can be 
compensated for by the care given to the placing of the concrete, as a typical example 
shows. 


Vo 














